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See eA TH te tht Pursuant to your verbal request, I have attached to 

. TES hae memorandum a recommended research and development program 
vfor.ISINGLASS covering a period of about nine months. This 

y oeree has been. “Sesigned specifically with two goals in mind: | 


la. to determine capability to satisfy our objectives 

in particulary, to establish system capabilities with mae 

to Heal Flext survivability, range, eagle til time, tace i 
tical flendy lity, and target coverage; and 7 


b.. te.establish reliable program c sat estimates 
» based on detailed point design, su adie dere and, 


insofar | a8 .p poses actual manufacturing’ experience, 
8 


‘In order t tdaccompl h the above, a substantial amount 

oe eT i ‘engineerin and analysis wil} be necessary 
‘which wil further con inn the sppehnsea®,  acciadaaedee of : 
the concepts me 


The eotlmted gent - sg McDonnell sack tea of the” 
eae is $5,350,000. In addition, we are recommending camera 
eironment studies totalling hart 600, giving a nine month . 


program total of $5,500,000. _ NRO Approved. For Release «. 
ee ‘The. basic study areas at MeDonne11 are: 


Washes a. System. Effectiveness: This will include ) 
Ue. deve lament of a mission performance computer program 

et cee. and analysis of targeting, reaction time, basing recovery 
“tc: and support operations. In addition, necessary contractor :: 
support to ‘government studies on survivability and cost!!..: 


tt 


effectiveness will be provided. 2 ee 


a: Configuration peppnaeton: Using extensive ane 
tunnel ‘testing, ght range performance of the . 
aireraft. and. earrieraircraft will, be established and .: 
design:'s ; ‘Le In. ‘addition, extenai Jean 


a a, fee i tind! ag nH 
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ef D cand will be done to establish the photographic pers 


we formance, $6, tics te the wind weary gence oe oe 
4 thele betes pei subgee anelated sn ee requiras 7 
ments established. : 


a ¢. Technology sania. From wind tunnel — - 
ity teats, thermal design criteria will, be established and 
Ee structural elements, including the insulation and water- 

ewok, will be’ subjected to thermal tests. A full scale = 
fuse lage section will be desigted and the performance of 
ec . 


ryogenic systems will. be demonstrated, 


a d, Cost'and Sehedule Substantiation: ‘The results 
of the work above e used to develop a high confte 


"dence bage for cost and schedule parscreance: 


S. 4. In adgition to. the work at McDonnel} Aircraft Corp. 
we are recoumefding certain studies to estabjish camera 
‘environment. :fhese studies will investigate the internal .- 
“turbulence of #he camera bay, window temperagure oe 
‘and boundary jayer effects, Details are set forth in the 
‘attachment, gta cost, over a period of 9° wpnths, would be | 


2 y 


7 5. If, on “eonelusion of the fgregoing program, a appears 
‘desirable to egntinue work on this project, jwe woul oh ls Saha a. 
&..second phase, ;In particular, we feel that *a’ full scale fuselage: 
7,8ection and window raise should be constructed. This will ii. 
“permit us to verify weight factors, harden cost data, and: | 
» determine | capability to achieve resolution requirements, | We 
“are. in. the;processé of preparing this secund paare program to: 
Lage 7ab about; nine months. ane cost ‘about. 5 mill on dollars... 
pea ee ee 


AM eA Re RAE ae aati h aa dE ae 

Bree win erties o at’ 7; ap A Wk euing bee * ei! pee ‘ by: cA 
RES UNAP auen ma tnt cine he tee ene 1 | Pe HANDLE ¥ woviit She 
y a ; me 5 peat eee 5 . 5 ‘ i ahs : ay : 2 < 
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SINGLAS & i i i. i! > P Ee 
oie oa ; ix york Aha C 

McDonnell Aircraft Corp, er Oe 
1. System Effectiveness $440,000 | 


Gs The global operating concept, logistics plan, 
+ Support requirements, and mission effectiveness for  .:;°;, 
the McDonnell: Model 192 (ISINGLASS) will be developed. 7.5% 
oe sec tc aory. NACE BS ETY contractor support to government: 
she ity and cost effectiveness studies will be ° 
pr ed. 


Hare, @e' Migsion Effectiveness 






eet 


hid ‘1, Operational Plan - the global operating 
concept will be developed and system ae ee bea 
.Yequirements such as basing, recovery, Logistic 
-gupport, etc., will be defined. The influence of 
‘ operational variables, such as response time, data: 
; processing, range, etc., on the operating plans 
‘will be determined, o 4 a, 
ii, Targeting Analysis - Targeting and mission | 
effectiveness analyses will be performed for the = 
*¢ ModeI 192, re Pat 
orien i 
{' 444, ‘Targeting Computer Program - A mission 
* performance computer ,program will be developed, x 
‘This program will produce the "missionized" ground = - 
‘track of the Model 192. Basic vehicle characteristic 
_and mission variables, such as Launch-recovery base". 
‘constraints, maneuverability, swath width, speed- ::: 
eter altitude-range combinations and flight direction, 
whaceWLLL be included. 0») 6 poe 


oy SE b. Survivability 


Support will be provided to U. S. Government” 
vulnerability studies, These will include a first~ ‘° 
order evaluation of gross characteristics and a o!f4" 
technical evaluation in depth, - ; ait 

“System Evaluation |... NRO Approved For Releasé 
Support will be provided to U. S. Governments. 22° 

effectiveness studies, Necessary data inputs» ::.: 


" gomniggs. | NOUR VA BE 


Recetas AN 
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in the areas of operational effectiveness and cost; 
. manufacturing cost, gcse wah attrition, etc.,. 
WiLL be analysed and prepared, Alternate boost-. tl 
aiide ve based on al designe will be mene 
tigate sy 


WENCH 2, Configuration Definition: « + 93,250,000 


Ne Aa Key parameters of the cone tpieets on will be iden- | 
ages OY edeied and trade-off studies conducted to achieve best 

design and performance. The objective will be to define ‘:. 

‘a configuration that assures high confidence, substan-  / 

tiated analytically and e iD'be"uetltaes Design aids, © 

Mt uch | as ecaled iia. wil be utilized where appropriate 
































A a bevtocuaiice characteristics will be 

4+; established and will include operational effects | 
4 such as tolerances on launch conditions, guidance, ..: 
<< control, navigation accuracy, ‘atmospheric variations,’ 
_ energy management reehatques:, engine al clad 














4 

i ii. aveiopuantel wind tunnel testing will be 
, condycted to provide data for design optimization 
ny studies, Effects of moe Aurela eens pa propor- |; 
svew's tions’ and component size will vesti gates throughs 
i Out the flight envelope. The Mee ell Folysonie i 
; and mgcticat Impulse Tunnels, ard the Cornell | 

sb} 

1 

























tical Laboratory Hy paont Shock Tunnel. will 
ized. Developmental wind tunnel testing. wil}. 
utilize four wind tunnel models for support of the 
design optimization and sensitivity study for § © 
‘verification of. the performance characteristics. 
S The results of these model tests will be used to 
Si finalize and validate key items making possible 
design convergence of the aircraft configuration, — 
















ot A 2-4 percent model will be tested thru 
the Mach 0,6.to 6.0 range in the M.A.C. polysonic |. 
wind tunnel, Primary genes ile for configuration ‘ 
{development and tradeoff study: support. A total |; 
oct tires! eerias are p emer” coer Baines) 
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eee ;. 


“t? 


Ae bent seale medel Nate be pasted 
tia Maeh i Fe 2Q Plus in the M.A.6 ¥genie 
impulse tunne mary purpese is for perf ermanea.. 


development and verification. A total of two series’ 


bare ‘planned totaling approximately 150 hours, 


III. A 2 percent scale model will be tested — i: 
‘from Mach 10 to 20 plus in the Cornell hypersonic * :; 


i. ‘wind tunnel, The primary purpose of these tests - 


“WLLL be to obtain stability and control and aero-— 
dynamic performance data. A total of two series. 
are planned totaling approximately 200 hours. 


Hsiee b, Design Sensitivity 


Design sensitivities will be defined to effect, 


Br ‘the best compromises considering all pertinent 
4%. factors. The effect of mobs variables and/or 
Seana CEaiiee such as volumetr 


c eri teteney aircraft -:: 
-leng thy ee weight, launch weight specific impulse; be 
na il e insertion conditions will be determined < 


4 
so that the full impact of different requirements gage 


can accurately assessed, The type of research 
and dévelopment program proposed provides those 
design sensitivit Berra including much hard - |; 
core Pract data, t that. are vi tal to establishing the “=< 
‘best size and configuration for ISINGLASS. These 
design sensitivities will include all factors 
necessary for a practical, high assurance evaluation | 
© of prime seote variables, including such items as_ . 
~.range, altitude, manned versus unmanned optimization, 
manned with unmanned option, payload, wing sweep, 
ohare, weight and maneuverability. 


Lending Characteristics 


i, Landing capability and cneceecactattns will : 
‘be defined, The development of the best piloting <. 
‘techniques: will be a primary objective of this 
‘activity, .Key parameters will be varied to develop : 
design, and performance ponsitivicy petattonenipe: : 
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. ii, Latiding configuration percayoantt eharac- 
cyitewiaties will be obtained in the MaDonnell lowe =) '%: 
K& speed wind tunnel. Configuration variables, such jis)’ 
.as base geometry, landing gear, canopy, speed brakes, °:’": 
and controls, will be evaluated, Primary resources . ‘ 
‘to pe sour ores in this activity are wind tunnel models:::! 
and eimulators for pilot evaluation. The initial - Y 
corporate-sponsored activity using a 7-% percent 
scale model of ISINGLASS would be continued. The 
M.A.C, low speed tunnel will again be used for 
development and verification tests for landing 
loses f Two series of teats totaling approx- 
‘imately 350 hours are planned, | In conjunction with 
this work, an analog flight simulator program will-: 
;be' conducted to evaluate all dynamic aspects of the. 
landing characteristics and performance, a 


‘d. Garrier Aircraft . 
: ‘Carrier aircraft selection will be validated ‘; 
‘by detailed analysis of availability, extent of — 
required modifications (wing beef-up, additions of 
eryggenic fuel storage, etc. ) operational charace |* 
i. ,, terigtios and performance. fee 


rh 


Hf ‘4, Carrier aircraft-Model 192 performance 
oe flow. field effects during cruise and 
‘launch will be determined, Appropriate analyses .. 
for a variety of speed and attitude conditions will: 

"be performed to obtain the complete performance _ ...- 

2¢ envelope, Aikey resource for the development and 

“3, verification of the performance of the carrier/ 

‘ISINGLASS combination will be a 4 percent scale 

model to be tested throughout the subsonic speed 

range. These tests will include the combined con- + 

‘figuration for performance and stability and control; 

verification and will include proximity tests to  -} 

establish the launch characteristics. . External : 

‘tanks or other appendages will be included on the “4 

carrier if required for proper simulation. A total 
of two series totaling approximately 250 hours — 

s23:",;are planned, This continues the ISINGLASS/B-52 . 

24. testing that has been accomplished in the M.A.C. Low . 
‘speed wing tunnel utilizing the 7-% percent scale 

‘smodel.: This existing model will be used as appro- 

‘priate for:further test development and verkficatioit. 












* < ‘ 
oh 
ee ge 
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of the carrier/ISINGLASS performance and launch 
characteristics, ' 


i: 44, Launch techniques will be developed and + 
substantiated, Various launch conditions <speed " 
» altitude, load factor, fuel loading, etc.) 11 be 
investigated, a 


-. Photographic Performance 
"Technical suitability of all aspects of the — 
sensor installation will be substantiated. This =.’ 
will include analytical and test effort as well as 
supporting effort by appropriate consultants. 

“4, Wind tunnel testing will be conducted to cae 
develop the window cavity concept and optimize the  —= |: 
caushy design, Geometric details will be varied to  :}.- 
optimize cavity and window environment, Testing wiII~'|- 
‘determine the effects of Mach number, Reynolds number, ::: 
angle of attack, boundary layer transition, peak 

« Lenggh-to-depth ratio, and forward and aft ramp shapes.; 
, Test facilities will {nclude the Cornell. Aeronautical °- 
Laboyatory. . : 


»- "A 10 percent scale model of the ISINGLASS 
“forward fuselage will be used for wind tunnel 
“;, development, Zesting will be conducted from Mach 
‘10 to 20 plus. Temperature distributions and levels 
; WiL] be established and configuration variations will 
be utilized to optimize the environment and design. °° 
‘@ In addition to the wind tunnel testing, thermal 
° testing of components in the M.A.C. laboratory will | 
‘be conducted, | a. Te 
11, Backup development testing of an active. 
i, windew cooling system will be experimentally 
wie®" conducted, | Wall cooling, edge cooling, and cavity 
%*, boundary layer cooling by coolant gas injection are ~ 
available techniques for the control and minimization — 
-.of thermal gradients. Provisions will be included ~~ {.-*: 
_in the zo Deresnt scale model, used for the activity /::° 
+ described in the paragraph above, for an active a: 
. Cooling system, If early testing and/or analytical © 
i;effort. indicate that the active system would 


required, appropriate model, testing, will: bevcoriductad, 
x fs : 7 : ae 













be 
a 
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: iii, Boundary Layer effects on photographic 
-aoulty will be datermined by wind tunnel teste |. 
,utilizing an appropriate scale model, Test details |. 
‘and, instrumentation requirements and eat Pepe i a 
,be finalized by collaboration with a qualified sensor ‘ 
supplier, The Mach test range and similitude zequire’ 
“indicates that several facilities may be employed 


fl 
z 
7: 


' 


Structural Elements . ee 


1. Mechanical properties of the roll diffusion 
‘bonded type primary structure will be demonstrated 
-by numerous specimen tests at room and elevated |: 
temperatures. ' Variables will include basic core |. 
.shapes, various types of panel joints, attachments, 
-and repairs, and an appropriate variety of fabri-; « 
‘cation techniques. Many test specimens will be = |: 
utilized in this program. Small samples (dimensions 
‘of: several inches 11 be used for bending, shear, . 
“compression and tension strength capability tests, » 
-Larger panels (dimensions up to several feet) will.:: 
Wped for substantiation of design strength §_ 
wables, 


' 
» 


_ A 180 gallon tank constructed of roll bond 
jtitanium will also be used for structural tests. | 
-This tank has been constructed by M.A.C. as a part. 
“of the ISINGLASS corporate sponsored activity to 
date. The tank dimensions are approximately 4 feet 
“by 3 feet by 3 feet. This tank is of double bubble 

“; configuration and includes a Longitudinal: shear 
‘web divider and end bulkheads, Access is provided:; 
‘for installing various cryogenic insulations, 
ord per ae and for repair, In addition to eval-. 
on of structural capability, cryogenic system ‘. 
‘tests including evaluation of dynamic effects will : 
be performed, The M.A.C. altitude chamber facil- — 
ities will be used for part of these tests. 
jy wih. External shingle design, producibility, - 

and. performance will be substantiated, Testing in: 

the design environment (elevated. temperatures, etc.),° 

‘will be. performed, . Shingle. development will utilize - 
oth"emall: specimens (about..6 inches square) and .: 4; 

RS as - °. + *, rye py 
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Yr 


' develepment specimens using T,D, ALekel, Rene’ 41, :: 
ane titanium pest be eva lusted Gagtacles te be : 
-assessed will include: type of core, face plate °:: 
‘bonding, attachment inserts, specs oxidation. 
, resistant coating, attachment, and igh emissivity, 
“coatings. a a> 2 cee E. 


full seale shingles (about 24 inches square). Many 


Approximately ten full scale shingles fabri- ‘ 
cated in accordance with the selected design and ° 
‘material will be tested to verify and demonstrate.’*’ 
‘the design, Variation in design and testing will.’ 
‘verify attachment designs, curved as well as flat. 
,Shingles, strength characteristics, reusability,  * ° 
‘life capability and emissivity. Test facilities — 
“will include the M.A.C, thermal and altitude 
laboratories. . 
i 








-  ? Approximately ten full scale columbium = 
eseane edge specimens will be provided duplicating 
‘the radius and support method to be used, Testing =. 
‘under load at room and elevated eet pe perros will | 

verify strength properties, installation technique (4/54; 
-and ‘4ife characteristics, Reusability and operational, ; 
‘Lifefime test will include cyclic thermal loading. SN 
‘The fi.A.C. plasma jet facility will be used during _ 
‘thig; test program. This program will also include .- 
’, 8everal columbium panel specimens configured for 

"nose transition and control surfaces to substantiate - 
‘their suitability in the structural and thermal 


an 


design environment, 





a“ = 

Welw aa 

at 
vie 












' An appropriate number of tests specimens for =_— 
-development and life demonstration of the main Landing. 
‘gear skid will be constructed, oS cA 






. . The nose cap will rab baahhcbed ab utilizing previous. 
ASSET laboratory and flight results, Element tests , - 
to demonstrate capability and acceptability to thermal 
shock and oxidation resistance will determine optimum 
choice of material and design. Two full. scale nose)! 
‘Caps will be utilized in the M.A.C. plasma jet | 
-facilit ies monstrate design acceptability and . 


=. 

















4 
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: g . R Re furb is hment 
sAnglytieal and test substanciacion of refur- 
bishment requirements will be performed, Significant 


fall out from this will include maintenance re eae: : 
ments , turn-around time, a~ operational cost 


$1,660, a 


inet? cechiol oxy demonstration program will consist : 
inar ity of component construction and testing of 
Ereetaln elements of the Model 192 concept to sub- 
eoancenee: and demonstrate a high pont seencs technology — 
‘base 

A: 


“a, Structure « 


: ‘A full scale section, a approximately 13 feet in 
len} ph, including an 8 foot long section of the LOX | 
tank: ‘and the LOX/LH2 tank bulkhead, will be I ieee 
Carrfer pylon attach points for concentrated loa 
. inputs will be included, The dimensions at the aft 
end pe the specimen will be 1 igaeenearene 15 feet 
wide"and 11 feet high and will taper to dimensions 
of pn clare gba td 10 feet wide and 8 feet high at the , 
‘ ird end of the specimen. Subsequent manufacture 
aed utilization of this full-scale article ina 
ts £oLlow on LH pba will provide demonstrated assurance 
,o£ all si ant structural characteristics including 
'fabricability. This assurance is provided for the ie 
idesign of each element as well as for the assembled | 
saireraft, This will permit evaluation and verification 
of the strength properties of the basic structure, 
‘,, propellant storage, precise weights, vere ee tal i) 
"manufacturing techniques, and quality and. costs of . 
(tooling, fabrication and assembly, This will also... 
apg, Verity and demonstrate successfu  eransition from t 
, element construction to full scale ISINGLASS hardware .'':; 


= at. Protection . 


; i. ‘Thermal design cnjteria will be further -° 
zh wee analyzed: by conducting wind tunnel tests to establish... | 
ue eh Sfimary rane heating rates and temperature levels. =: | 
Rea rinery sped ouLoes a 5 percen here are two wind tunnel 

odels;::;One..is: percent scale model to be uti-.. 


Pie aé 
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i 
' lized in establishing the thermal suitability of the 
eonfigutation, Thia includes the qualitative heat 
patterns on the vehicle plus quantitative evaluations 
of the configuration including hot spots or other 
“\inique areas, The second is a 5 percent scale model 
‘~ for the determination of actual temperature levels 
, throughout the speed range for verifications of cost 4 
‘ environment. This is necessary because of the signif- . 
icant impact of design environment on weight, performance, 
and cost. It, is planned to use at least the M.A.C. mat! 
hypersonic tunnel for heating pattern tests and the © .: 
Cornell tunnel for the quantitative test program, A = °:. 
hours” 




















total of three series totaling approximately 200 
“are planned, - 


_ 44. The performance characteristics and effi- . 
ciency of the insulation, water-wick, structural , .: 
arrangement including the effect of heat shorts, will  .° 
‘be demonstrated by testing a sample composite structural. 


an 


panel, These tests will also confirm the performance .~: 
‘of the wicking material and coolant distribution and —- 


“servicing system, a 










Approximately six full scale composite structural’ . 
panels will be utilized. They will provide a repre- * -: 
sentative section of the aircraft several feet square _. 

with the propellant tank Liner, basic structure, sf ae 
~ water wick, passive. insulation, and the outer radiative :' 
“i. Shingle incorporated. ee tests in compression, ©.°:: 
shear, torsion, and bending will be ts beset Thermal 
test to verify stability, shock capability, cyclic 
life I“mits: and mission spectrum loadings, for Life 
verif. cation will be conducted. Attachment integrit- . 
will be demonstrated using flight environments. The | 
thermal isolation characteristics will be verified by |: 
tests including repeated exposure to design environment. 



















Yew . Water wicking development will include a Large 
iva ote. structural panel with the water distribution system 

ase Incorporated to verify the performance of the water 
blanket system. Dynamic properties of the system 
(vibration and accelerated loads) will be established 
These tests will include testing in the M.A.C, lab- 
oratory, Further demonstration of the performance ©): 
of this system will be furnished by test results from |... 
the full scale fuselage test'section,  <yye 7 ER 
5 : HANDLE VIA BYEMAN %.. 
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a44,: Physieal properties and thermal percormanse: 4 
of internal insulation will be established by testing..:"'.-. 
promising materials as insulators for the high temper-:/ 
atyire structure and cryogenic tanks, This work 
jy’ Lepresents the selection and experimental evaluation. 
; O£ jcandidate materials for passive insulation applLi- !: 
“ eatiion. Samples will be tested to establish thermal,:: 
: performance, olen | ease of handling, dura». 
" bility, producibility and iife characteristics. The | 
best materiale derived from the element tests will) be: 
utilized in the larger composite test articles. “feaessy 


c, Manufacturing a 
Evalpation of promising structural fabrication | 
* concepts will be continued to develop the best manufac- _. 
, poring methods for the selected materials. This will; — 
include fabrication, of panels with various geometric | ‘ 
configuration and attachment details, Welding and stress * 
relieving: methods will be evaluated. Non-destructive |... 
inspection and quality control techniques will be developed,* 
These activities and data will establish a solid basis. 3: 
at? LOK optipizing manufacturing time and cost parameters: 


wd. Cryogerics | 


The performance of the cryogenic systems will be 
i; demonstrated, This 'will include testing to confirm _ 
: boll-off rates, stratification, transfer-rates, and 
‘ullage. Propeilant dynamics will be determined by , 
appropriate scale model tests. Results will define those - 
key characteristics necessary for best tankage design. - 

























While available analytical techniques are gave 
advanced and in some respects well substantiated, a 
significant amount of experimental cryogenic work is 
planned to identify items and considerations pertinent 
to ISINGLASS, including verification of materials selected |; 
and fabrication techniques, The 180 gallon, double bubble), 
diffusion bonded test tank will be utilized for numerous _. 
‘propélidnt transfer and storage tests with a wide spectrum, 
of environmental design conditions imposed. Many typical: 
Lines... ‘eomponents:.will be evaluated, = ne eM 


Hip 
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A small seale tankage model duplieating the internal °: 
genet ry afd velune iaesipuel ef TaTNGLARS wall be made - 
ta eonduct verifieatien tests of prepellant velumea and =. 

attitude sensitivity plus quantitative testing for estab- = ">. 
lishing dynamic load effects with various propellant levels,.:: 


4, Cost and d nx 


A primary objective will be to develop a high: 
eonfidence base for cost and schedule performance. These.: 
analyses will utilize the results of the element inves- | 
tigations conducted in the previously delineated tasks | 
and will use prior McDonnell experience in the design, 
development and production of advanced aircraft and. 

epacecraft systems, ramjet and bey perigee vehicles. + 
Particular attention will be applied to systems involving. 
















«” Engineering Cost Factors 


Technical and cost data generated during this —.:' 
‘program will provide a base for eee engineering ’’/: :- 
‘design and development cost, Trade-off studies will jj... 
be used to optimize development solutions, | ‘sae 


4 


b. Manufacturing Cost Factors 


Experience derived from construction of repre-  ‘{i;* 
sentative panels and test sections will provide data {3 
for developing manufacturing cost factors and refining 
program estimates, Comparative cost criteria will. be}: 
‘used to select the most effective manufacturing —__ | 
twethods and best materials, #8 ~~. 





























t ost 









Pe Initial cost estimates for the complete system 
-, will be progressively refined as the system design. 
and operational requirements are defined. These: ~,' 










er a 







A 





“cost of thase items 1s included. 
id‘ forthe ‘previous paragraphs. 
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estimates will be frequently revised to maintain an 
Upeto, vate program cost picture, 


7 Estimates based on historical and statistical 
‘data will be cross checked with detailed staffing 


». Schedule Analysis 

_ A master program schedule for the flight ehinie’ 
-and supporting systems will be refined and updated as 
‘results of this research and development program 

“!” become available, to a level of detail and definition 
; that gives high confidence of achieving the major 
“program milestones, Subsidiary schedules will? be 
maintained for major subsystems. Analysis of detail . 
schedules will encompass outside deve lopment and 
production of both CFE and GFE subsystems. Coordi- 

7 watyre meetings will be conducted by McDonnell as 
am Manager and will provide necessary interchange: 

a pertinent to the fetailed elements of the 


t 
sat le so as to assure that all significant effects 
are included in the overall planning. — . 

4 


n ic t ‘“ 


rrogtess and results of program effort will be : 
a cate in concise form at frequent intervals as shown | 

n the. schedule, Reviews and documentation will consist ; oe 
24 a 


‘ 


i: Bi-monthly program reviews at MeDonne1t in a 
which ook os ficant milestone accomplishments ‘:,/' 
and pro ecision elements will be presented, | 

4.These w i be supplemented with sotoeant. reviews. 

*. - all arcane ee e i “ 
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recent Plan Mas Ae 
' Targeting Analysis - Scenario: ts 
‘Targeting Analysis: - Scenario! 11 
hy . Targeting Computer nhs ciel ra 
Survivability | on hen 
‘ahaa Evaluation 


ite /rag Ratlo Established — 


« Flying Qualities sete tree ee 
- Flight Envelope Established . = 
rere: Performance Retablished 


1 Wei nt Sensitivities 
Performance Sensitivities 
. Sensor, Engine, and Equipment _ 
fends verified 
Vehicle Size and Shape Defined 


‘Landing, Characteristics . 2 i 
Visibility Techniques Defined : 


-2.' Low Speed Lift/Drag Ratio Established 
cee Tanne eee Retabitahed: 
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ie Going System Analysis : 
:* Boundary Layer and Shock Flow Field 
? Characteristics Defined Pa 
-: Cooling System Performance Verified — 
“aSht wc” 4,.. Boundary Layer Effects Determined — 
sais Benes a eee ", Window Cavity Configuration pet tnee 


Bt eerie ole 
- Initial Maintenance Requirement 
. Defined 
* Refurbishment Quantities Defined 
Material io cea sohecule 
Agri: 


o eaaivaity Studies couplets er: 
- Structural Section eer Conplet 


nore Water Wick Efficiency ‘Test 
“= Initial. Cryogenic Insulation 
_ EFEicienc Test : 
+. Water Wick/Structural Element. Developmen 


‘Test 
 Eeternal’ Heat Transfer Rates Defined ; 
External aemeeratee Levels. Dettoeds: 


Manufacturing 


‘Roll, Bond - Deve lopment Géapiatad 
Inspection Techniques Defined 


ae 
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Attachment to oie 


3, Repair Fabrication Techniques Verified’ 
‘4, Shingle Fabrication Techniques Verified: 


use 


x 


Cryogenics 8 1g i) 


y : oo : : RR et 
"1, Initial Volume and Neb Analysia 2° %6.3 
a Initial Insulation Qualities Defined | o"45 
Initial Cryo, System Helium .Press,’:and ; 
Trans. Tests 2 eeslta etry Wis 
: Cost Factors: 38 
Manufacturing: Cost. Factors;)\\) : 
“System Cost 00 bss iy ches ie 
Schedule Analysis.) 
SARS F La red Ny 


as 


Abe tae 
oe Paty by 
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1, Internal Turbulence : $118,000 


- Tests and analysis will be conducted to 
. evaluate the effects of the internal turbulence ' . 


generated by the heated window. In conjunction 
‘with the window tests below, this will allow 
reasonable balance in window design between 
degradation from window distortions and degradation °: 


+ 


from internal turbulence, 


Windows Gradient Tests and Boundar | a 
ave ects : $32,000 . 


. These tests will evaluate the degrading effects ; 
of window gradient and means of reduction of this ~ 
degradatfon, using wind tunnel data for evaluation 
of heat flux distribution, Current estimates are 

hat the,window will be the limiting factor on wees 
resolutign. In conjunction with M.A.C,, the effects :: 
: O£ the boundary layer on optical performance will be 
s;’evaluated, Current estimates of boundary layer 
‘effects, considered negligible, are based on extra-~ '*,)3! 
‘-polations of existing data at.relatively low speeds (y's. 
‘and altitudes, «= eral : 


The above three efforts, at a total of $150,000* 
can best. be done by Perkin Elmer, who have done a. 
extensive: preliminary work, and. are:leaders in: 


field, 
Soy a i: 
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February 25, 1966 


MEMORANDUM FOR DR. FLAX 
SUBJECT: ISINGLASS | | 
1 Se eee ee 
Mr. Sheldon, submitted “pursuant to your request," proposing a nine- 
sed str sors gi rene = fn, cheno Somes : 


technology 
tions, wind-tunnel tests, system design, ste, I emepeat, at thiz point, 
that you leave Ents memecandam aed road all of Tae 


eee eee eee 


NRO Approved For Release 


2. Aa you know, the dintwnaten of © follow-on tasnued sereapase 
reconnaissance system has bees going on for some time. Over the past 
6-8 montha, _ {it BRO Hat haan spennered aeverah stuatios on alternative 
approaches to a so-called quick reaction, flexible recce system. 

7 craig sella arr ng dear eral —-oigogy rpm 
other. might be helpful te you, sh ee perpene A 
paragraphs 3 through 9, which fellow, 


3, In early 1965, General Ledford's pnapacadpecion op gst McMillan 
on the ISINGLASS many Comments and questions. 
ChB) De. Mena requested fat Generel Ledird iy ext «program 





(a) Contain a comparative analysis ofall competing systema (including 
satellites) for the quick-reaction, single-pass 


(b) Limit contractor commitment ta these spyreved by the DNRO, 
(e} Provide for competitive vehicle design studien. 


@) owning mamed verwes mamenned vehicles ond integral versas 
le beosters. 


oe 


“Handle BYE | Ue Pil 
Central System OR SEPT Ree, Capey 
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isauuioan een ee aliases ou roped Prere eh 
soca Ge seme with other NBO etadios, After such a « ison, 
the DHA would report the conclusions to the Seeretary of 


end the DCL, 
mows Mare ot _ od Cc) ae oO aioe os submitted 
& pa fhaadiar atady Sdioet (anc, 
pia 5 PEW PYRASO ; ‘The proposed MA , 





ealy one considered. Sil. snyoaontithany x oppo hire 
oe ne ne eee) Dene Seon eee eee 


 F On March 20, eontractor briefings wore held st Weet Fai 
Beach and led te on AVEC aspezgment (with CIA eeoperation) of 
TADIG LABS concept by several working greups, gnstel by Gate 
sitll, That esuessment (Tab D) found the concept technically 





“OXCART/TAGBOARD 
15TH LASS 


acs via ENEMAN 
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16, Dy. MeMillan summarised his hig feelings 
on mLNILAOE tun cosmos for the record (Tab H), He conaluded 
thats 


(a) Mo intelligence or apavational requirement existed againet which 
any competitors. 


te examine ISINGLASS or 

tb) ae Ponies Dae eee epee Se sree seer 

(e} Lebbtrage rhea dre Se ne 
simple defense efforts 

{d) Coats weve questionable. OXCART experience indicated that 
they will be much higher, 
Based mainly on these conclusions, Dr. McMillan refused te fund 
ISDIG LAGS in the FY-67 budget, 

6. te anticipation of « pensible requirement for & single pasa, 


‘ediats vanction wetahian, ton WRG axrenesd Sor tea the conduct of several 
studies whieh have been summarised for you ia previous memoranda, 
Theae included o Mach ¢.0 ramjet study by Marquardt and an air- 
launched re ce satellite and @ ground or alr-launched boost- 
glide wehisle by AVEC. In-houne atudios were alse made to define 
erage oar hae aecaatpigede te Poem ta ae 
matrix aad performance parameters from vehic 
atudies, plus these from ISINGLAST and TAGBOARD, is provided as 


10, I would forecast that should Mr. Shelden’s prapesal for s 


$5.5 million R&D program be approved, it would be by 
OXCART/TAGBOARD | 
ae F 


langle via BYEMAN 
ata System 
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request to alse fund P&W's high-pressure plete poche igs engine, 
_ Previously, $9,9 million was requested fer initial work by P&W. 


Uk Since I dex't knew the nature or purpese of your “request” 

to My, Sheldon, or the context in which it was presented, I am hard- 
pressed to recommend a apecific course of action with regard to Tab A. 
I would, — Lika to discuss this subject with you at eur 


James T. Stewart 
. Brigadier General, USAF 
Director 
NRO Staff 
Handle via BYEMAN 
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+5+ NATIONAL RECONNAISSANCE OFFICE sony 
WASHINGTON, D.C. 
UM A 
The... 
ved For Release 
NRO Appro 22 Noveraber i926 
nwo. .NDOGM FOR DIRECTOR OF RECONNAISSANCE, Cus 
DEPUTY FOR SATELLITE OPERATIONS, NNO STAYS 
meas cooneLass Mid cest Effectiveness Study 
“44 attacned ground rules for an ISINGLASS REC > at Eile... ‘3° 
. Study, which were developed in conjunction with ° your poses ae “ives, eee 
2 .2eved by the DNRO, In approving them, Dr. Flax provicc. v2 following 
‘io. guidance: 
. Only the results of the [Nt atucy should be made avz..c. .2 to the 
VMeDowwell Aircraft Corporation; the ane swucy should not be forow.: ded to 
MAC. 
2, (2¢ final analysis of the study results will be done by ...z NRO. 
3 ““ne results of the cost eviectiveness study should not be consi: ued 
sroves er “° disapproval of either program, 
Has -(b}(6) » ig the NRO 
..2f penvessitotive for the coordinatte: Oe she study. <All satellite study resulis 
7 ade cveileble to MAC (via...) th: sagh OMIM He wis 
vusibic Jos Hiaison between the NRO Staff and CIA/MAC,. Piczse cal! .- 
. any &osistance you may require. 
Se are ee be (are 
vy .. + Dir o. Reconn, CIA © /s/ 
OY .2 - S8-. . 
ie vy 3 =. ine KKK x 
en me < JAMES T. STEWART 
- . ye $848 a Major General, USAF 
Director 
Aste. he. nt 
LVN WIA ISING_LASS CONTROL NO. 6 
VEMAN/TALeNT KEYHOLE  - -FOP-SEAREF— a ee: a eer 
bi SYSTEM JOINTLY EXCLUDED FROM AUTOMATIC REGRADING PAGE 1 or ] PAGES 
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GROUND RULES 


Aircraft vs. Satellite Cost/Effectiveness Study 


1. The Director of Reconnaissance, CIA, is responsible for 
the management of the ISINGLASS study. 


2. The Deputy for Satellite Operations RO Staff, is 
responsible for the management of the aecudy. 


3. The present satellite target deck (303 deck) will be used, 
Only those targets in the Sino-Soviet territories will apply. 
Any target in the deck which does not have an assigned CCCR 
number will be eliminated from the study. The study will 
Simulate one calendar year of operation. 


&. For those targets‘having repetitive coverage requirements, 
the following time factors will apply: 


a. Successful coverage must occur in the specified 
cadendar time period, and 


b. the successive coverage must be accomplished in the 
./<t calendar time period according to the following time 


svaedules;: 
CCCR Requirement Time Interval 
1. Semi-annual Min, 4 months - Max. 9 months 
2. Quarterly Min, 2 months - Max. 4 months 
3. Bi-monthly . Min, 1 month - Max. 3 months 
4. Monthly Min. 15 days - Max, 45 days 


“’ae following example illustrates the procedure to be used: 


".' is a target in a CCCR category having : 60 day (two 

Cau.eidar months) repetitive requirement. [If target "A" 

weve used on 1 January to satisfy the Jar./Fev CCCR, then 
Lecause of the calendar requirement it can sot be used 































































i 5... oefore 1 March, Because of the 90 day min/max time 
reuricvement, it cannot be used after 30 March to satisfy 
vac March/April CCCR, 
ISINGLASS | : 
aes - contact vo BYE-5 2850-56 
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Thus, unless Target "A" is acquired successfully in March, 
it cannot be used until the May/June CCCR 60 days period, 


The other limiting case is when Target "A" is successfully 
acquired and used 29. February for the Jan/Feb CCCR, then min/max 
time requirement permits Target "A" again to be used for the 
March/April CCCR time period if it is successfully acquired only 
during April due to the min, time of 30 days. 


5. Target coverage will be in stereo, SAFSS-4 will make a second 

Study to determine the number of satellites required to accomplish 

the USIB target requirements giving due consideration to the stated 
mix of stereo and mono coverage, 


6. Roll degradations will be accepted in both studies up to + 
45°. The total diameter of the target must be within the film 
frame and the photography made at or above 8° sun angle. 


7. During the study, the following special requests will be in- 
corporated into the year's coverage; 


a. Tyura Tam - two requests 

+. Lop Nor - one request 

Gc. Severodvinsk - one request 

a. Muiti-target coverage of SEA-one request 


These special requests will be given a Priority 1 

vating for scoring purposes, The special requests 
will be placed in dated enveiones to be opened at 

che appropriate times during the study. 


8. For tne aircraft.,missions will be planned for the entire year 
based on ¢«limatology. This planning will result in the average 
number of iissions that will be flown each month for the entire 
yeax. The maximum number of flights each month and the minimum 
tine interval between successive flights will be basec on system 
lisivaticnus, The target coverage and available weathe> will dic- 
tai." whe »umber of flights during each month, not to exceed the 
maxim, “he minimum threshold for efficient target coilection 
per -.igh. will be based on the actual weather in the years 1957 


snatebia coutnes no BYE-52830-66 
CcoPy. OF 5 COPIES 
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to 1960. When the forecast weather is such that a number of targets 
collected per flight will exceed the threshold, as obtained above, 
the mission will declared as "On" for a T-minus 24 hour posture. 

The forecast weather for the next 24 hours will be used to decide 

on the actual launch day and time. Missions may be cancelled or 
recalled up to the time of aircraft launch. A factor of one day 

for film processing and readout will be applied to any flight 

flown before this data can be used for planning purposes for sub-= 
sequent operations. 


9. For the satellite, missions will be planned individually, and 
based on climatology. Missions will be of 16 days duration with 

2 recovery vehicles. A factor of four days for film processing 

and readout will be applied to any recovered vehicle before this 
data can be used for planning purposes for subsequent operations, 
Film quantity will not be considered a limiting factor. All satel- 
lite hardware limitations will be observed, The maximum launch 

rate to be used is one launch each 14 days not to exceed 14 launches 
during the year of operations, 


10. the target weather, to be used by both the aircraft and the 
Sateliite for all missions, will be the 1962 actual weather as 
provided by the Air Weather Service. AWS will provide this weather 
data in both "fine grid" and weather conditions at individual tar- 
gets. The weather data will be expressed in percent clear-sky 
conditions from 00% to 99%. 


2. Tne weather percent clear-sky numbers will be used as the 
secbability of acquiring photography that will satisfy CCCR needs, 
“iis number wili be used as the Monte Carlo input to decide whether 
xr nut sarisfactory photography has been obtained. 


ie 


22. Reliability factors of 80% for satellites and 95% for aircraft 
wiil be used. These factors will be applied to the number of mis- 
Sions flown during the study to obtain the number of missions re- 
Guivred for such coverage, rather than random failures during the 
Stacy te produce the reliability rates, 


13, Cost figures for both aircraft and satellite systems will 
be computed as one-fourth of the development costs plus 1 year 
‘is VaM and delivery of the film to the processing facility. 


a 


oa = comtan na BYE-52530-66 
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14. All satellite study results will be forwarded to MAC, MAC 
will make the cost/effectiveness comparisons, 


15. Satellite and aircraft system effectiveness will be evaluated. 
against the following criteria: 


A. Weighted target values based on the COMOR Working 
Group priority structure, 


B. The percent of the specified CCCR category coverage 
actually accomplished weighted against the above 
priority structure, 


Cc. The percent of* the specified CCCR coverage actually 
accomplished in each category. 


Ai csrnative evaluation criteria will be established, as appro- 
priace, during the course of the study, 


wiscaii conta. ngBYE~52830~66 
RVERion ISTNGLASS Ts id: cea eer 
CONTROL SYSTEM EXCLUDED FROM AUTOMATIC REGRADING PAGE 
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MEMORANDUM FOR MR, VANCE 
MR. HELMS 
DR, HORNIG 


SUBJECT: ISINGLASS 


On September 7, 1966, I visited the McDonnell on to neolew in detail 
their proposal for development work on the ISINGLASS concept. Their pre- 
sentations and the discussions indicated a high quality technical effort across 
the spectrum of technology relevant to this concept. It should be recognized, 

‘ however, that the DOD and NASA have under way technology programs span- 
ning the same fields, although not so specifically pointed to this single con - 
figuration of flight vehicle and single class of flight trajectories. 

The McDonnell work in the areas of technology pertinent to ISINGLASS 
seems to stem from their participation in earlier Air Force programs related 
to the DYNASOAR program. McDonnell was the contractor on the ASSET 
Program -- a $40 million scale-model flight test effort in support of DYNA- 
SOAR structural and aerothermodynamic technology. This technology hae | 
been advanced considerably since the inception of the DYNASOAR Project, and 


the hypersonic lift-to-drag ratio specifically has been advanced from 1.8 in 


ents via ANEMIA ~ Fo Sitnel 
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DYNASOAR to values of 3, both at McDonnell and-at Lockheed (under an Air _ 7 

Force White Contract). The results of on-going Air Force technology programs 

have generally been made available to the aerospace industry except where a 

contractor erpenisiars information was involved. 

Therefore, it is apparent that the McDonnell efforts cannot be sonsideveds 

in isolation where technology is concerned. The specific vehicle design and 
| mission analysis studies, on the other hand, are unique since no other con- gs 
tractor has focused major attention on this particular mission and this particu-.. 
lar class of flight trajectories. 

In addition to technological factors, I also reviewed the McDonnell cost- 
effectiveness studies and the vulnerability analyses which compared ISINGLASS 
with satellite systems. The cost effectiveness studies were being conducted 
in accordance with ground rules which did not correspond to current satellite 
poevatignes The NRO Staff has since worked with the CIA to set up ground 
rules for a cost effectiveness model which could be used by McDonnell to com- 
pare the ISINGLASS with current and planned satellite systems. With respect 
to the vulnerability analysis, anti-satellite (or anti-ISINGLASS) technology 
comparable to that proposed for Air Force System 922, particularly the employ- 
ment of IR homing, wae not being considered in the postulation of defensive 
weapons systems. Full system netting had also not been considered. Although 


_ there is no firm intelligence information which would indicate that the Soviet 


Handle via BYEMAN | TW t 
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Union plans to deploy such an advanced eyHiee, it is certainly within the 
realm of technological possibility in the time period when ISINGLASS could 
be available. It was my suggestion that a more balanced vulnerability as- 
sessment be made including the consideration of gdenneed defensive systems. 

Since the high-pressure liquid hydrogen-liquid oxygen engine is an essential 
feature of the proposed ISINGLASS vehicle, it should be noted that this effort 
is being funded as an advanced development by the DOD and NASA for possible 
application, not only to manned vehicles such as ISINGLASS, but also to un- 
manned vehicles, recoverable boosters and upper stages of launch vehicles. 
The time scale of this development is such that a flight-rated engine for an | 
ISINGLASS-type vehicle would not be available before 1971 at the earliest and 
achievement of this date would require a large increase in effort on the engine 
program no later than a year from now. 

As a result of activities in various DOD and NASA programs, there are at 
least three qualified contractors other than McDonnell who could undertake the 
development of a vehicle such as ISINGLASS. They are Boeing, Lockheed, 
and Martin-Marietta. The advantage which McDonnell has had lies mainly in 
the concentration of their efforts on this one specific vehicle design and in the 
contact they have had with the user, which has enabled them to better under- 


stand the requirements. However, I feel that if a decision were made to proceed 


Garpla tn DUT Ri 
Se ee OV aAlL 
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with a full-scale development, and depending upon the degree to which final 
requirements might accord with those now being studied by McDonnell, it 
would probably be in the best interests of the Government to avail itself of 
the advantages of competition. 

At the present time, I believe that only study and advanced technology ef- 
forts on the ISINGLASS concept are warranted. Study effort should be directed 
to the most significant areas for further evaluation of the concept. The tech- 
nology efforts should be limited to those items having a critical bearing on 
system feasibility, basic characteristics and cost. In addition, it is essential 
to assure that technology efforts complement rather than duplicate the extensive 
NASA and DOD technology programs in the same general areas. 

Since many uncertainties and doubts exist with regard to the future of this 
concept, it is essential that McDonnell be made fully aware that the program 
is still in the study phase, and will not recedsarily lead to follow-on efforts 
of any kind. In sarticume: McDonnell should be cautioned against the premature’ . 
build-up of a sizeable work force in anticipation of a full-scale development 
program. In view of the objectives of the study and advanced technology effort | 
appropriate to this concept at this time, extensive large scale Seietiial tects 

; and comprehensive detail design need not be initiated. 


The recommended NRO funding for a twelve month program is as follows: 


SLL LS 
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1) System effectiveness studies including mission analyses, cost-effectiveness 
and participation in vulnerability analyses. 
$ 550, 000 
2) Advanced technology program centered on the unique and critical aspects 
of this concept including additional wind tunnel tests, preliminary designs, 
eae design trade-off studies, window, window cavity, and codling design and 
testing, and selected structural and materials tests. 
$1, 500, 000 
Since there are comprehensive DOD and NASA programs in hypersonic 
vehicle structures, materials and associated manufacturing processes, details 
of the McDonnell plans for structural element fabrication and test, as part of 
the advanced technology effort, should be reviewed by the CIA prior to approval 
to proceed. The NRO Staff will make available to the CIA details of the on-going 
DOD and NASA programs so that complementarity may be assured. 
Upon approval by the ExCom, this program will be funded from the approved 


_FY-67 and FY-68 budgets for aircraft research. 
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MEMORANDUM FOR DIRECTOR OF RECON- 
NAISSANCE, CIA 
Attached is a draft of my proposed memo- 
randum to the ExCom on ISINGLASS, Your 
comments and suggestions are solicited. If 
possible, I would like to send an agreed-on 


version to assure prompt approval. 


Wprude i Fy 


Alexander H. Flax 

Director 

National Reconnaissance 
Office 
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MEMORANDUM FOR: . Director, National Reconnaissance Office! wx. . 
SUBJECT: Project ISINGLASS | ; | 
ss? 
REFERENCE: BYE-52014-67 
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1. This memorandum is to confirm our conversation of | 
last week wherein I told you that we do not feel that it is °° 
advisable for this Agency to go any further on the TSINGLASS..... 
Project, It is our feeling that the Air Force is presently i. 
better equipped to pursue an effort of this magnitude, If sarc |. 
at some future time it appears that this type of program 
indeed has some merit, and you feel that our technical re~ 
sources would help to advance the art, we will be happy to / }F.. 
take another look at it and provide assistance as needed, 
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2. As you know, McDonald Aircraft Corporation and 
Pratt and Whitney have put considerable effort into this 
concept, They would like to be advised if any other Govern- 
ment agency is interested in this program and, if so, would 
like permission to discuss the program with the agency and 


turn over the available technical data which they have 
accumulated to date, 
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Gales E, DUCKE 
Director 
CIA Reconnaissance Programs 
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MEMORANDUM FOR THE DIRECTOR OF RECONNAISSANCE PROGRAMS, CIA. 


SUBJECT: Project ISINGLASS 


This is in response to your March 24, 1967 memorandum 
to me which confirmed your previous suggestion that any fur- 
ther effort on the ISINGLASS Project might best be undertaken 
by the Air Force, Although there is no established Air Force 
system requirement for a vehicle of this kind, there is a 


broad overlapping area of technology R&D covering both the 
vehicle and the engine. 


In order to protect NRO security with regard to the origin 
of the ISINGLASS Project, I have asked Colonel C, B. Saunders, 
Director, NRO Program D, to serve as a focal point during the 
transition of any.of the ISINGLASS effort into the Air Force 
technology program, He will assist the contractors in making 
contact with the appropriate organizations in the Air Force 
and will disseminate information derived from ISINGLASS in 
appropriate forn. 


Ctl | 


Alexander H, Flax 
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SUBJECT : Proposed Boost Glide Device ie 
i : i 
REFERENCE : a. BYE-36169-65, Dated 6 March 1965 ae 


b. ISI-0040-65, Dated 8 March 1965. 





1. I want to acknowledge your memorandum of 6 March and 
mention that I too share your concern for a full analysis of all aspects 
of Project ISINGLASS., 


2. Asl understand your communication, we are in general 
agreement that a requirement exists for high resolution wide swath 
width photography and that the boost glide approach appears attractive 
from both the launch/recovery and vulnerability aspects. With this as 
a point of departure, BYE-36169-65 then suggests that the first phase 
of effort be devoted to competitive design studies of a manned integral 
booster, manned second stage with disposable first stage, unmanned 
integral booster, unmanned second stage with disposable first stage, 
preliminary aerodynamic data regarding camera interface, and 
recommend preferred designs by contractor and Program B to NRO 
for review and approval. 


3. A second phase would then address itself to detailed studies 
by the responsive companies demonstrating the competence of their 
respective preferred systems. The results of such preferred studies 
would then be presented to a panel of competent authority for review 
and determination of program orientation. 


4, Following the second phase conclusions, it would appear we 
would then engage in a third phase wherein we fund studies to 
accomplish a program definition. 
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5. My review of the briefing and support data furnished to us 
by McDonnell Aircraft Corporation and Pratt & Whitney when 
‘coupled with our extensive evaluations of the requirement and 
vulnerability considerations strongly suggested, and convinced me, 
i that McDonnell is prepared presently for the final step in Phase II, 
i.e., a governmental review of the validity of their proposal. You 
will note that we have in effect suggested in Reference b. that such 
evaluation can be made in the immediate future. We also requested 
i funding for feasibility studies to permit us to accomplish a Phase Ul 
type program definition. 


6. It was hoped that in the briefing given to you that we could 
convey the above conclusions to you. We, in fact, attempted to show 
why we had eliminated to our satisfaction, and hopefully yours, the 
necessity for needless competition. We apparently failed to do so. 

This does not mean that I believe we should turn our back on the 
applicable knowledge gained from the DYNASOAR Program. Actually, 
the contrary is true. I am convinced that such data is being integrated 
into the program, AttachmentI! reflects, in general terms, what we 
consider as convincing evidence of the MAC superiority in this area, 

A8 you can see from the chart, MAC is the only company with flight 
experience in this regime. Because of the value of practical and current 
technology in a program of this type, 1 am sure you will agree that 

flight experience is essential in contractor selection, 

7. There are other considerations that support my recommendation 
that a competitive review be curtailed. To facilitate your examination 
of my thinking I have set forth below the principal points: 


ae A loss of momentum and a slippage in eventual 
operation by as much as 18 months. The Reference a. approach 


requires a cessation of the work at McDonnell while Boeing and 
Martin are brought up to speed; time for Boeing and Martin to 
accomplish their program definition and submit proposals; 
followed by the time for the conventional Government evaluation. 


b A significant loss of security. This consideration is 


related to a sizeable increase in the number of people who must 
be apprised of extremely sensitive intelligence objectives. It 
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also results in the dilution of the sense of personal responsibility 
to protect the ongoing program in addition to the security 
problems associated with binding up the wounds of the loser. 


c. The technology is perishable. An unnecessary delay, 


possibly as much as 18 months, will directly reduce the 
operational lifetime of the vehicle, Moreover, this employment 
delay increases the risk of leakage of information on the system 
specifications and the chances of countermeasure. This 
compounding of hazards correspondingly reduces the total 
intelligence effectiveness of the operations. 


d. Increase in program costs. As implied above, with 


the inherent delay and a subsequent larger involvernent of 

contractor people in a DOD type program administration, we 
will experience a significant increase in cost, occasioned by 
the higher costs of conventionality and idle engineering time. 


e. Level of activity at MAC. We need to recogriize that 
McDonnell has voluntarily invested about $1, 500, 000 of 
corporate funds in background development toward the 
ISINGLASS solution, andis currently proceeding at the rate of 
approximately $150,000 per month. In connection with this, I 
share the publicly stated DOD view that where private industry 
has invested its own funds, the Govefnment,and particularly this 
Agency, should not be arbitrarily required to go to competitive 
contractors to stimulate artificial state-of-the-art programs. 


8. I recognize the responsibility you have for control of NRO 


funds and comparison of alternative programs; however, I feel greater 
weight should be given to the legislative umbrella, granted the Agency 
for security reasons to protect intelligence sources and methods, 
under which the Agency may conduct procurement. With legislative 
approbation we can proceed on a directed procurement basis where 

it materially facilitates accomplishing an intelligence objective rapidly 
and securely; being certain, of course, to have had a complete, 
although perhaps unconventional, source selection. 





NRO APPROVED FOR RELEASE 23 JUNE 2010 


|: 





“Handle wa BYEEEMN ‘Sa ot ‘eS 
Contre! Qeetan 
veges ee Piers 


BYE 2575-65 


NRO Approved For Release Rees 


9. For the above reasons I am reluctant to undertake the 
suggested method of validating the ISINGLASS Program. I am con- 
vinced we can establish a workable solution whereby we achieve the 
technical and financial management objectives outlined in your 
communication. With this objective in mind I have attached for your 
consideration the extensive analysis which led us to ISINGLASS, 
Hopefully, this will allay your misgivings. 


10. Accordingly, I recommend that you reconsider and approve 
the technical confirmation program outlined in my ISI-0040-65 
memorandum of 8 March 1965. As you know, this is designed to 
further harden the technology in critical areas, while preserving 
for the Government several options including possible termination 
should this period of intensive investigation with MAC and P&W so 
indicate. 


et 


VANE C. LEDFORD 
Brigadier General, USAF _ 
" . Director, Program B, NRO 
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MEMGRANDUM FOR RECORD 


SUBJECT: Deficiencies of ISINGLASS Concept and Proposal 


t is my judgment that the exguments so far advanced for 
ating the ISINGLASS program are totall ty inadequate, It 
so my judgment that one steucture of the program chat has 
= proposed is wrong. J further conclude that if the concept 
were given an adequate examination it would be found to te 
ithout i 

s 


merit, Specific deficiencies in the arguments, the 
, and the concept that lead to these judgments are 





jo specific statement cf intelligence or oparational 
vements has been made, against which to examine the performance 

“NGLASS or potential competitors. The “justification so 
var advanced for ISINCLASS is based on a statement of performance 
cecuivement: namely that there is a requirement for a collection 
system which has the performance claimed for ISINGLASS. 

2, Even accepting for the moment the "requirement" for a 
coliection system having the flight performance claimed for 
ISTNGLASS, no adequate analysis has béen reported to show that 
the specific manned vehicle that is proposed is the agree or 
even a desixable way, to achieva that parformance. ; particular, 


no valid examination has been made of an unmanned Meee cive and 

no valid examination has been made of alternatives, manned ox 

unmanned , that use optimally staged separable boosters. There 

is neo question that an unmarmmed vehicle with opcimized saparable 
G ha 


ter would be smaller and lighter than the version proposed. 
ings to the contrary that have bean reported have been based 
fe unjuscicied sumption that an urmanned venicle must look 


eO..88 

tne isanned vehicie with a robot pilot added. A valid question 
can be raised, relative to an unmanned alternative, is whether 
ts operation would be more costly because of problems in Landing 

o ree COerys This question has not been examined in a proper . 
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3, The ISINGLASS vehicie as proposed has a range of over 
7000 miles. To reach this long range requires a vehicle much 
larger and heavier - hence more expensive - than wouid be required 
to reach, say, a renge of 5000 miles. No analysis has been 
provided to show that 7000 miles range is required, and no cost 
tradeoffs have been examined in this connection. 





4, In fact, whatever ir = collection requireme 
may be at issue here, it i For me to believe that the 
requirement translates aa iato the performance requirement 
that is asserted as justifying ISINGLASS. There are, therefore 
indeed many alternatives to ISINGL&SS other than those which more 
ox less duplicate its ape path, Such alternatives include 
sateliices and ballistic devices, aiz launched or launched from 
che Western Test Range, pss configured for rapid, and perhaps 
véepetitive, return of relatively smail amounts of “"tékel'. No such 
alternatives nave beea effectively compared with IS NGLASS in terms 
of cost for equivalent intelligence "takel, Other alternatives, 
ciso not exan ae ed, include high speed high altitude aircraft and 
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5. The yvulnerabiliry anelysis presented for ISINGLASS is so 
sensitive to che assu meen: made that it is misieading. What the 
nalysis shows is that ISTNGLASS might have a good chance to survive 
sage over a NIKE X site,without any early warning. This 
clusion would change sharply if the postulated defense system 
allowed to direct its radars down to 19 above the horizon, 
wather than being cut off at 5° as NIKE is now. There are many 
locations where 4 1° limit is enc ae feasible. It would also 
change sharply if the Soviets were to engage in some simple netting 
o£ their Tali King radars to provide advance warning.and crude 
cracking, Both of these relatively simple changes in the defense 
system ee ruled out in the analysis given, which starts from the 
sypothesis that the Soviets would make no special defense effort, 
nok even a simple one, to dereat ISINCLASS. 


t is true that ISINGLA a would be safe from SA~2's or 
from 2 considerably improved SA~2. So would a vehicle flying Lower 
and more slowly than ISINGLASS. But it is also true that ISINGLASS 
iS aS vulnerable as a naive bailistic missile, is more vulnerable 
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is impossible to disguise or protect 
in the ways that are availanie 


for satellites, 


6. _The costs claimed for ISINGLASS are highly questionable, 
osts are probably seriously under- 
Sea. because of an “tnade uate ac countin g for the extensive 
and expensive support fac PLLC CL chat ii have to be deployed. 
Rstimaces of operating cost ately wrong. it is asserted 
chat five years of operacing geht vehicles and their 
aunch aircraft would cost $113 million. ISTNGLASS is not simpler 
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with OXCART. One year of operating ten OXCART airplanes is now 
Kees mated to cost over Current OXCART costs are 
ieher thaa this. 


7 TSINGLASS at launch Look 


Etet 


un flight it will have 


3 
in 


F 


re 
Oy fas 
mf 

+ 


= 
oS 

Fad the 
ue 
a 


uw 

2 W 

to Rte 
et 
(ee 


i - 


ross 

Retin eas ‘ 2 a are ee shad aie 

rpiene, an impressive intcaeved signature 
S 3 


ot 
3 





at Least 





ry 
a 
° 


y yore 

te, and lacks the automatic 
Operationally therefore, 

tures of the airplane with 
features of the satellite, 

ve that ro amount of analysis 

avelopment of ISTNGLASS. 


tet 
Q 

| roa 90 
wi 

fy 

{fr 

© 
i) 
as 

u: 

t 


th 
Rk 
fe 


ity of maneuver than a 

ve coverage of the sat 

mes the worst provoca 

xe OF ae own and with bag 
a : F 


MS 
bas 
ta) 
a 


y 


Cr ari 
he & 
1 
oy 


I~ 1 


aes 
i 


th oct 


i ¢a) 


aan a 

+ ko 

©; 

QO ¢ 
MPH Pe 


x 
t 


Bey bh 


2) 
© 
6 


fb 
S (h 
i) 

Cae tata 
Be © 
tt 

fle le fee 


ul 


ot 
a 
© 


re O 
lors 


rt) 


1 


Tee program proposed for 


: SINGLASS development lacks any 
Zonas for tna kind of trade : 


Cc 
yses that are noted above 


ovovis are) al 

as lacking. The program aiso calls for an award oie scurce, to 
MicDornelil. There is no justification for such an award. Most of 
the technology at issue is availabie from other contractors. 
Alternative technologies are also available and should be considered, 
dm pasticular, the Covernment has aiready spent about $200 million 
developing essentially equivalent technoiogy for DYNA SCAR, The 
proposed program makes no provision for realizing on this invesi- 
ment. 
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March 6, 1965 
(DE OAR 


MEMORANDUM FOR DIRECTOR, PROGRAM B 
SUBJECT: Proposed Boost Glida Device 


Your briefing to me on this subject was quite interesting. 
4s you indicated, thaxe area questions, in addition to those of 
basic technology, which must be addressed in order to get a 
full evaluation of tha possible costs and usefulness of a 
system based on a boost glide vehicle. I was glad to see that 
you have already begun to examine soma of thesa. As you point 
out, & program to exploit the possibilities of a boost glide 
vehicle will be very expensive, equal in cost to or greater in 
cost than the development of an advanced airplane. I think 
that you will agrea with me that ff a program of this potential 
size is to survive it must be subjected to analyses of its 
problems and of the possible alternatives that are complete 
and of the highest integrity. 


Your briefing brought out several conclusions, the most 
interesting and important of which, in my judgment, were tha 
following. 


1. Tha requirement exists for a flexible rapidly reacting 


system capable of returning data after a single pass over the 
target area. 


2. A photographic swath 50 mlies in width is useful in 
connection with this requirement. 


3. <A boost glide trajectory over the area of interest 
appears a feasible approach to the requirement. 


4, Such a trajectory requires about twoethicds of the 
energy per pound of flight vehicle that is required of an 
orbital davice, making an air launched device appear attractive. 
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5. Except in the presence of a major deployment of AICEM 
defenses, a boost glide trajectory is not highly vulnerable 
to defensive action. 


6. <A boost glide system would probably call for a large 
initial investment, but in an active market might arpcetence 
relatively low operating costs. 


I have saveral concerns about the proposal as you have 
now described it. First, it is not clear to me, at all, that 
a manned vehicle is required, or even desirable, for tha mission 
in question. It seema likely that an unmanned glider for this 
mission would weigh very much less in flight than the 25,500 lbs. 
you estimate for the manned vehicle. Its leunched weight would 
then be correspondingly less, and the whole system simpler and 
possibly cheaper both in development and in operation. 


Second, I note that the vehicle you describe, although 
somewhat. different in structural concept, is in size and 
performance very similar to the X-20 (DYNASOAR), toward the 
davalopment of which the Government has spsnt-about $250 million. 
Any undertaking now to study vehicles of this kind must permit 


_ bringing to bear tha lmowledga gained, and ths technology 


developed, on the X-20. Further, at the present time, the 

Aix Force is studying with the Martin Company a proposed program 
for an ablatively cooled hypersonic glide vehicle at a somewhat 
smaller scale. Advantage would result from Seaying on this 


_ technology es well. 


Third, it is not clear to ma that a fully integral, 
completely recovered, single stage boost is the best for this 
mission. In particular, a smaller vchicle, properly staged at 
boost, might not require development of a new propulsion system. 


Fourth, it ie quite clear to ma that a prosram of the size 
and scopa of that visualized in your briefing cammot practicably 
ba carried out in a clandestine manner. Should it develop that 
the scope of the program cannot significantly ba reduced by 
simplification of the vehicle and of its propulsion requirements, 
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it will be neceasary for the NRO to manage the program in such 

| a way that major elements can be covered by overt identifica- 
i tion and financing. 
| 

| 
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Finally, we must recomize, as your briefing already has, 
that a boost glide system is in potential competition with 
satellite and ballistic systems, These could be available 
Booner than a boost glide system of the kind described in your 
briefing, or alternatively they could be of a generation later 
than systems now in operation or development. If configured 
against the row recognized requirement for quick reactions, 
these competitors would have operational characteristics, and 
costs, raquiring careful comparison with those of a boost 
glide device. 


In view of your conclusions, I agree that proper considera~ 
| tion must ba given to a boost glide system. In view of ny 

| . concerns, and because of the potential cost of any final program 
\ 





that might result, I feel that I cannot recommend even tnitial 
steps to the Secretary of Defense and to tha Director of Central 
Intelligence until I am satisfied that two conditions can bea 
mat; 


First, that a program can be laid out that provides 
tha DNRO, and thus also tha Secretary of Defense and the Director 
of Central Intelligence with a full and objective comparative 
analysis of all competing means that might reasonably salasicd 
the xequirement stated; 


Second, that financial commltments and obligations to 
contractors during the program can at all times be limited to 

. those which in the judgment of the DNRO are justified by their 

expected contribution toward the achievement of approved goals. 


Accordingly, I would like you to lay out for my considera- 
tion a program along the following lines. 


The interest is in a boost glide vehicle, air launched 
from a carrier no larger than a 8-52, and capable of a useful 
trajectory of 6000 nautical miles or more. Competitive paid 





3 | eee ee ee 
> HANGLE wa BYEMAM eee oe 
: Fos selec ease: 


pauaser ea BRE SCS = bs 


CONTROL SYSTIM ONLY 





NRO APPROVED FOR RELEASE 23 JUNE 2010 





NRO Approved For Release 


vehicle design studies would be undertaken with at least two 
contractors, NceDonnell and Boeing, and preferably also with 
Martin. Those design studies would proceed in two steps. For 
each contractor, the objective of the first step would be to 
examine alternative configurations in sufficient detail that 
each contractor's preferred configuration or configurations would 
bea identified, Tha objective of tha second step would then be 
to pursue design studies of the preferred configurations in 
sufficient detail that effective evaluations and comparisons 
ean be made among the designs of the compating contractors. 
Comparisons in all cases are to be mada on the basis of weights, 
costs (both development and operating), mission performance, 
possible operational limitations, and factors bearing on 
operational reliability and development risk. — 





Initially, consideration must ba given by each contractor 
to at least the following four general configurations. 


1} Manned vehicle with integral booster, 


| 2) «manned second stage vehicle with a disposable 
first stage, 


3) and 4): unmanned vehicles, respectively with 
integral and separable boosters, 


In considering vehicles with separable boosters, an _ 
optimally stagod configuration should be identified; considera- 
- tion must also be given, however, to disposing of the first ene 
within 300 nautical miles of the launch point. | 





' For the first step, all vehicle contractors would be given 
the sama interface requirements for the camera systen. 


For each contractor, the output of the first step would 
consist of at least the following: 


1, Preliminary aerodynamic data permitting initiation of 
camera window studies, to be done under other contracts. 
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2. Comparative analysis of the configurations studied 
carried to the point for each that further study or rejection 
can be justified. For the more likely or attractive configura- 
tions, soma indication should be given of tha sensitivity of 
each to the constraints imposed by the camera interface. 


3. One or more recommended preferred configurations, 
with justification. 


I would expect you to submit your recommendations for 
those configurations to be carried into the second step, with 
justification, for my raview and approval. 


Each contractor, during the second step, would concentrate 
on the configurations approved to hin, Arrangements would be 
made at this tima with propulsion contractors, as necessitated 
by the particular configurations under study. For each vehicle 
contractor the output of the second step should include an 
overall system concept, and a vehicle design or designs in 
sufficient detail that specific structural techniques, specific 
propulsion requirements and subsystems, and recommended other 
subsystems are identified. Analyses should ba presented pemnitting 
comparisons anong competitors according to the criteria listed 
earlicr. 


. At or near the close of tha second step, it would be 
necessary for tha NRO to convene a panel to examine tha 
structural, propulsion, and other problems associated with 
each proposed vehicle system. Using the results of the second 
step, the findings of this panel, and tha results of such other 
analyses as the NRO will make, the DITO would then report to 


, the Secretary of Defense and tha Director of Central Intelligence. 


Were tha findings to justify it, such a report could recommend 
the initiation of a program definition phase, with vehicle and 
propulsion contractors to be selected by such procedures as 
might appropriately be recommended at that time... 


There is little question that the cost and time to develop 
a boost glide system will ba dominated by the problens of the 
vehicle itself, Nevertheless, should a program definition phase 
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be undertaken, it will be necessary to include definitive work 
by a camera contractor. Accordingly, it is appropriate, at 
about the close of tha first step of the vehicle studies, to 
davite three or four camera contractors to compete in a paid | 
design competition for selection of a camera design and 
contractor. Prior to that time, additional study is needed of 
the eamera requirements, and of the relation of these require=- 
ments to those that might be imposed by a ballistic system 
configured for comparable missions. 


Please let ma have your recommendations for a study 
program conforming to the objectives and guidance just outlined. 


Sried 

Brockway McMillan 

Director . 
National Recomaissance Office 
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‘This Side aumancees the history of manned reconnaissance ~-- 
aircraft programs for peacetime overflight of denied territory | 
with emphasis on the rationale, statements of need, and authority 
Rien led to their development and operation, as well as the ) 

: management arrangements under which they were carried out. é 
! The present situation is then reviewed wherein the ISINGLASS 
effort has been terminated, the OXCART is in the process of 
being phased out, and the U-2 is considered as effective only 

in limited areas away ree a Soviet-type defensive environment, 
The future role of manned reconnaissance aircraft systems, or 
even the need for them, when viewed with and compared to the 
rapidly improving capabilities of satellites and drones, then 


emerges as the fundamental issue which is to be resolved. 





BACKGROUND 


During the year 1954, as for some years previous, the 





urgent problem of defense against surprise attack by Soviet 
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Russia continued to occupy the attention of all those in 
.Washington who bore the responsibility for the National Security. 
A high level committee, whose membership represented the best 


minds in the country, continually met in Washington to study 


every facet of cold war ‘strategy and to advise the President. 


There was no lack of brain power available for the task, and 
_the shortage which was recognized by all concerned came to be 


-known as the "Intelligence Gap." 


The existence of the iron curtain and the growing hostility 


of Soviet Russia toward the West made it increasingly difficult 


to mount classic intelligence collection operations against the 


‘USSR. In the summer of 1954, the U.S. intelligence community 


had come around to the view that the only prospect of gaining 
the vital intelligence was through systematic aerial reconnais- 
gance of the USSR. 

The special study group of the Hoover Commission, set up 
under the Chairmanship of General James H, Doolittle to in- 


vestigate CIA's covert activities, in its report of 30 September 


1954, expressed the belief that: “every known technical scheme 


be used and new ones developed to increase our intelligence 






rt 
| a it 4 
CONTERL SYSTER 


en VERE AR 
HANDLE WIA bs Vick 


NRO APPROVED FOR RELEASE 23 JUNE 2010 





_NRO Approved For Release 


by high altitude photo reconnaissance and other means and 
that no price would be: too high to pay for the knowledge to 


‘be derived therefrom," 





On 5 November 1954, Dr. Edwin H, Land, Chairman of the 
"Project 3" Technical Capabilities Panel (a subgroup under the 
Office of Defense Mobilizations "Surprise Attack Committee"), 
wrote to Mr, Allen Dulles, Director of CIA, proposing a program 
of photo reconnaissance flights over the Soviet Union and recom- 
mending that CIA, with Air Force assistance, undertake to carry 
out such a program, The Land Panel's proposal, entitled "A 
“Uxiique Opportunity for Comprehensive Intelligence," recognised 
the risks of provocation toward war that such an intensive pro- 
‘gram of overflights might run, as well as the danger involved 
should one of our military arms engage in such activity, especially 
in view of the tense political situation vissacvis Soviet Russia, 
“On the other hand," the proposal continued, "because it is vital 
“that certain knowledge about industrial growth, strategic. tar- 
gets, and guided missile sites be obtained at once, we recommend 
‘that the CIA, as a civilian organization, undertake (with Air 


_ Force assistance) a covert program of selected flights," 
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The airplane that the Land Panel had in mind for the 


‘overflights was the CL-282 (later designated the U-2) which 


Lockheed had proposed to the USAF in 1952 and which the Panel 


“came across in 1954 during their search for a technical capa- 


bility of collecting intelligence over the USSR. The Panel 
concluded that the program was feasible and should be pursued 
by the Government, 

In Dr, Land's letter to Mr. Dulles: submitting the proposal, 


he made it clear on the Panel's belief that the activity was 


appropriate for CIA (always with Air Force assistance) and recom- 


‘mended "immediate action" through the CIA covert means, to pro- 


duce the aircraft and equipment and set up a task force. He 


stated further that "the opportunity for safe overflights may 


last only a few years because the Russians will develop radars 


and interceptors or guided missile defense for the 70,000 ft.. 


regime,'' and that the aircraft itself was "so obviously unarmed 


and devoid of military usefulness that it would minimize affront 


: it 
to the Russians, even ,through some remote mischance it were 


detected and identified," 
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Dr. Land and Dr, Jim Baker, of the President's Advisory 
Council, had continually reviewed all advances made in the: 
‘optics? field for application to the photo reconnaissance over- 
flights. Dr. Baker emphasized that the Air Force was already 

years ahead in the development of suitable camera systems as 
“a result of their many years of experience gathered from spon- 
-sorship of basic research and development programs; "this is 

' sapeucutaris true of the electronic computation of optical 
“systems. The development of these complicated optical systems 
‘would have taken years in Germany by the older methods--but 
ase is about to be accomplished in 16 working days with our - 
IBM/CDC computers," 

In the two weeks following the Land Panel's proposal to 
CIA, discussions took place between the Air Force and CIA as 
‘to the feasibility of undertaking the recommended program. On 
-19 November 1954, a meeting was held in the office of the Secre- 
“tary of the Air Force, Harold E, Talbott. It was agreed that 

the CL-282 proposal was practical and desirable and should be 
contracted for (along with the modified Canberra recommended 


by the Air Force). It was further agreed that the project 
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should be a joint Air Force/CIA effort and that regardless of 
a source ot funds to support it, CIA unvouchered channels should © 
be employed for passing the funds. 

Later in November 1954, Mr. Dulles and General John Samford 
(USAF) met, and it was agreed that the DCI would prepare a memor- 
andum seeking Presidential approval for the program, This mem- 
orandum, dated 24 November 1954, recommended Presidential ap- 
proval of a National requirement for the reconnaissance over- 
flights, asked that the Air Force and CIMA be directed to imple- 


ment the development of the aircraft, and requested that the 


; overflights be conducted at the earliest possible time. This © 


memorandum was approved by the President verbally, 

A face to face meeting of Mr, Dulles and the top Air Force 
officials concerned reached a joint agreement on the Sivanics=: 
tional and management responsibilities of the program, and on 
3 August 1955, in a memorandum entitled "Organization and De-_ 
lineation of Responsibility--Program Oil Stone," signed by 


General Twining and Mr. Dulles, responsibility was given for 


general direction and control of the project to the Director of 
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CIA and the Chief of Staff, USAF, to be exercised jointly. | 
The seeueg appointed project director and the Air Force 

| appointed deputy project director would be responsible for 
conduct of the project through all its facets, subject to 

- guidance from higher authority. The Air Force project group 

_ Cheaded by Colonel Russell A, Berg) would act in the name of 
the Chief of Staff, and SAC would perform a supporting (not 
a controlling) role in the training and operational facets, 

~ The essential guidelines under which the program would be oper- 

- ated were that it would be a clandestine intelligence gathering 
operation to be conducted in such a way, as to minimize the 
risk of detection and of plausible attribution to the U.S, 

i. Government, 

The first U-2 overflight of the Soviet Union took place 

on June 20, 1956, passing directly over Moscow. Several suc- 
cessive flights occurred that same week and, on July llth, the 
first Soviet protest was delivered to the State Department. 

. Requests for subsequent flights were more eioeely sérattareea 
‘before receiving final approval. The overflights continued, 


. although less frequently, and in ever shrinking areas due to 
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‘the Soviets improving air defense systems, for four years, 


‘well past all predictions on longevity. 


As the CIA/Air Force overflights continued, the Strategic 


“Air Command acquired its’ own fleet of U-2s which were ‘assigned 


the peripheral photo and SIGINT missions, ‘ 

On May Day 1960, with the downing of Mr. Powers' U-2 over 
Sverdlovsk, the overflights of the Soviet Union came to an end, 
At that time, a Presidential ban on further manned overflights 
of the USSR was imposed and remains in effect. 


The U-2 has continued, by the addition of electronic counter- 


' measures, the J~75 engine, modification for aircraft carrier 
operation, and a variety of other improvements, to perform a 


successful and useful role in intelligence collection in those 


areas, such as China, Southeast Asia, and Cuba, where its presence 
or even loss, is of less political consequence. 


With these continuing U-2 operations and the attendant 


‘attrition, it became apparent that there would be a need to 


_ ‘replace these losses in order for this vehicle to continue to 


fill its special reconnaissance role and, accordingly, on 21 June 


1965, in a joint memorandum to the NkO, .- wixector, Program B, 
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‘and the Director, Program D, recommended that the Air Force 

-and CIA, in joint enterprise, initiate a new buy of an improved 
U-2 (U-2R) as a means of realizing the maximum benefit from 

‘the iewer and other reconnaissance systems which could not be 
“profitably diverted to those tasks handled by the U-2 and asa 
means of replenishing the U-2 fleet, The U-2R, now in flight 
tests, will be operational by the summer of 1968 and should | 
‘vemain a useful intelligence tool at least through the early 
1970's, albeit in the non-Soviet duvicoment, 

| Early in 1957, while the overflights of the Soviet Union 
were underway with the U-2, and it will be recalled that the 
period during which overflight would be possible was to be 
relatively short-lived, and with the understanding that photo- 
graphic satellite systems were well into the future, the CIA, 

in reaction to the improved ability of the Soviets to track the 
U-2, and as a means of prolonging the overflights, began research 
in radar camouflage as a means of hiding the U-~2 from the radars, 
It quickly became apparent that only limited and temporary suc- 
cess could be hoped for through the application of the passive 


camouflage of an aircraft of conventional structure since the 
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materials themselves were either too heavy or narrow banded, 

and further degraded aircraft performance, Already the Russian 
radar systems were characterized by a considerable degree of 
frequency diversity. These circumstances suggested the need 

for a much more radical approach in order to obtain satisfactory 
results, Preliminary consideration led to the conclusion that 
any such radical approach would involve the use of unconventional 
material, structures, and configurations of aircraft and most. 
probably a combination thereof, Accordingly, an exploration of 
possible design approaches was set in motion in August 1957. Two 


basic designs resulted from this effort: The GUSTO concept of a 


-Supersonic vehicle using a drone powered by ram-jet engines launched 


from a B-58 mother aircraft and the other approach, OXCART, for 
an unstaged aircraft with roughly the same performance specifi- 
cations, On 15 November 1958, the Land Panel, in response to 
the need for such an advanced system, recommended the GUSTO 
system to Dr, Killian, Further consideration by those involved 
in carrying out this development program came to the conclusion 


that only the OXCART was technically feasible in the immediate 
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; future and, accordingly, in the summer of 1958, members from 
the DOD, Air Force, CIA, and with the President's Scientific 
Advisory Council obtained the necessary Presidential approval 
to implement the OXCART. program. A Joint Source Selection 

- Board was established which chose the Lockheed proposal over 
the one from General Dynamics, 

During the very early stages of the OXCART design, radar 
cross section goals were chosen which were felt could be achieved 
in an operational aircraft and which would permit a near covert 
penetration of the Soviet radar defense net or at a sufficiently 
reduced detection range to permit a safe transit. A program was 
also implemented to assess the OXCART vulnerability. Simul- 
taneously, a special ELINT measurements program was begun to 
assure the vulnerability studies would be based upon actual 
measurements of the Soviet threat radars rather than estimates. 
By 1963, it became apparent from the vulnerability studies, which 
were receiving data on the newer and improved Soviet radars, that 
the OXCART would not be able to covertly penetrate the radar net 
undetected and tracked, and accordingly, recommended the develop- 


ment of a "Supermarket" of electronic countermeasures systems. 
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This ECM program was carried out and produced the variety of 
threat warning and jammer systems now available for operational 
use, 
Although the OXCART, achieved its design goals by flying 

at specified altitude and speed 48 months after the contract 
date, it did not receive the necessary authority for overflights 
and in 1966, while being held in a state of operational readi- 
ness, and at a considerable cost, came under increasing scru- 
tiny by the Bureau of the Budget. The decision was subsequently 
made to phase out the program by December 1967. Later, however, 
in response to an urgent USIB requirement, the OXCART, as the 
only practical vehicle for the job, was deployed to Okinawa for 
overflights of North Vietnam in search of possible surface-to- 
surface offensive missile sites, The decision to phase out the 
OXCART has been extended three months to allow additional time 
for the Air Force's SR-71 to prepare to take over these missions. 

| In 1964 and again in response to the continuing increase 
in the capabilities of the Soviet air defense net against air- 


craft operating in the OXCART regime, the CIA, in anticipation 
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- of a need to develop a more advanced manned reconnaissance _ 
syeten,: initiated a study Onin, led 46 Whe dd ination oF 
‘the ISINGLASS boost-glide concept, The Agency had set forth 
Menage performance specifications that would be required to 
_guecessfully penetrate the Soviet environment during the 
next decade, The objective of the ISINGLASS effort was to 
conduct covert photographic reconnaissance of those googra= ” 
' phical areas normally denied U.S. overflight. The vehicle 
“@uvasioned relied entirely on its operational characteristics 
for survival; it would enter denied territory at Mach 21 and 
200K ft altitude, and exit at Mach 7 and 120K ft. The pro- 
posed launch method was from a B-52 near the periphery of 
the USSR with recovery planned at ZI bases. The program as 
proposed would cost in excess of one billion dollars, 
| In March 1967, in recognition of the magnitude of under- 
taking the ISINGLASS program, and the expense which would be 


required to bring the program to an operational stage, the 
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Davectos of CIA Reconnaissance Programs recommended that this 
‘@esoxt be terminated, 
| In review, it is seen that the development of the manned 
- aircraft reconnaissance systems has been based on deduced need | 
and agreement thereto, ana has preceded the statement of a 
formal requirement delineating this need. Stated requirements 
against which the manned systems have been targeted have always 
followed. These joint CIA/Air Force enterprises have worked 
and worked well, reducing duplication while making maximum use 
of each. organization's assets and abilities; such as the Air 
eupnce world-wide operational capabilities and the CIA's "Skunk 
Works" approach to the research and development, 

It is not possible to adequately review manned reconnais-~ 
Sance in prouen perspective without going back to another date 
in 1960. In that year, on August 20th, the first photography of 
denied territory from a satellite was successfully recovered 
by the DISCOVERER program which was the forerunner of the present 
CORONA, . This initial reconnaissance satellite operated for one 


day, and returned 4000ft, of film. The photography obtained was . 





apeege tn be ye te 
pebese wait had mt 





NRO APPROVED FOR RELEASE 23 JUNE 2010 





NRO Approved For Release 


monoscopic and had a ground resolution of 20 ft. Since that 
time, about 100 CORONA vehicles have been launched, lifetime 
has increased to 15 days, and 30 to 40 thousand feet of film 
‘are returned from each i a Most photography acquired is 


in stereo and resolution has improved to less than 10 feet, 





In addition, to the CORONA search capability, spotting systems 


have been developed and are now producing photography of resolu- 


‘tion between Mig 


_ PRESENT SITUATION 





The present situation then can be summed up as one in which 
gatellite photographic resolution is rapidly approaching that — 
of present aircraft systems. Satellite photographic systems for 


search and surveillance which will achieve resolutions of 2-3 | 





feet and will remain on orbit for 30 days or more. The advanced 
technical intelligence systems will remain on orbit an equal length 
of time and should achieve a resolution of Technology 

for reading out images from satellites in near real time has - 


been developed and could be flown in theearly 1970's. 
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At the same time, the operational concepts for advanced 
aircraft are taking on many of the characteristics of satellites. 
To achieve the speeds necessary to survive in denied territory 
such Sincere would operate at very high altitudes well above 
all weather and near the ‘Limit of the sensible atmosphere, and 
would provide only minimal maneuverability. Such systems would 
itend to operate on the basis of a single pass over the target area. 
Thus, the fundamental issue which must be considered concerns 
the need for future manned reconnaissance systems and what efforts, 

; if any, Should be undertaken in this direction at this time, 

The question arises as to the direction and scope of ene. 
NRO effort in the area of advanced reconnaissance aircraft, 

Many questions come to mind when considering this issue; not 
the least of which concerns whether satellites (or drones) can 
ever completely replace the manned system. If overflight by 
either system can be accomplished at will, the manned system is 
in general by far the more cost effective. What are the unique 


attributes of the future manned system when compared with other 


future sensor systems on a cost effectiveness basis? Will the 
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| ‘present ban imposed on manned overflights be lifted? If future 





‘overflights by manned systems are indicated, is it necessary 
that the missive: as in the past, be carried out as a "clandestine 
‘intelligence gathering gperation to be conducted in such a way 
as to minimize the risk of detection and of plausible attribution 
“to the U.S, Government" and can such a mission be truly covert? 
Could other organizations, therefore, be called upon to fill - 


these future National needs on a more or less overt basis? 


The present situation is also one in which there is concern 


over the vulnerability of the satellite programs as well. During 


‘the past year the Soviet technical capability to interdict our 


‘satellites has become most clearly defined, The HEN HOUSE radars 


at Sary Shagan and Angarsk are identified as satellite acquisi- 
Coupled 


tion and tracking radars of a very sophisticated nature, 
‘with DOG HOUSE, ABM HEN HOUSE radars and possible modified TALL 
KINGS, the Soviets will have an excellent and rapid orbit capa- 
“bility very soon, The GALOSH missile has the acceleration, 


payioad, and accuracy required for intercept, and the TRIAD 


radars are considered adequate for the target and missile tract 
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functions, Although the NRO has emjoyed a considerable 
amount of freedom in the conduct of its space programs to 
date, the future is not so certain when weighed against this 


‘ominous defensive environment, 
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-in. 1966, large nypersonic wind tunnels. with real. gas charac- 


will be availabie cor aCe eek angine one imization. Both of 





yoy 


these tiv volume air-breathing v ehicle concepts will nave some suscep- 





tibiiity to sonic. boom constraints. The silcedatey: nowever, in both 





cases should be less than 1l-psfa'since flight is maintained at sutfi- 





ciently bigh altitudes to minimize boom strength. Both vehicles ‘have 


3 z 


the distinc: advantage of making a conventional Landing. - 


‘hin particular concept represents cea adc attractive appras ach 





bat does result in some sept and reduced. pay! load seers 








compared to a ballistic vehicle.” The volumes 





geherally reduced with increasing ee ee (0.1294: and the 
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wayload Zraction will probdbiy: be in the order of 1O%L This fraction is _ 
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and the potential for evasive actions also contribute ta a system which 


should have a relatively low vulnerability. The photographic resolution by, ge 
shouid be improved over a ballistic technique because of the operating 

altitude; however, experimental investigations must be made to verify 

optical quality in the presence of the plasma. In Sitti on tanpetature | 0 Ratan 
and density gradient factors must be assessed. This vehicle will employ: 
the ve-radiative thermal protection cancept and céuataeeabie confidence 
now exists for such materials both from ground and flight tests such as 
the ASSET, although specific fabricability of selected materials and 
construction techniques must be proven. Based on current’ information, 
however, it is felt that this can be accomplished and that oe ah 
approach can offer a reasonably high degree of reusability with minimum 
refurbishment. The high fineness ratios and configuration geometrics 
required for increased efficiencies in gliders lend themselves to and are 
wonmensurate with the same requirements for launch or booster ‘systems. 
Consequentiy, ao integrated launch/entry vehicle offers a promising 
approach for air-iaunch applications particularly when increased isp 
(#30) capabilities are considered. The mobile launch platfarn (aircryats ) 
also significantly anhances the -performance/operation coverage, The 
naisic gliding capapiliry af rhe vehicle eiso allows some 


Latitude in performance in the event of 4 premature engise shat+edown which 
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that the velicic cechnolopies associated with nyparsonie glide systems 


are reasonably well established, although admittedly, increased aero- 
dynamic efficiency must be verified. Based uson- an assumed scredui 

af L0G Launches and reuseable vehicles the program costs would most 
probably be in the order of $2.5 billion. 


Z, 


4. Orbital Vehicle with serodvynamic or rropulsive. bility 





De-Urbit Capa 
An aerodynamic de-orbit capability as reflected in an orbital decay 

re-entry is not believed to be competitive. The points of eatry and 

flight path time history would be reasonably unpredictable fram the 


pilot's point of view. It is 


felt that a propulsive device or retro- 
rocket offers a much greater degree of on-board predictability and 


eliability if an orbital system is under consideration. It is worth-~ 
while to mention that after performing a normal de-orbit maneuver with: 


retro-rockets, considerabie energy still exists within the system a 


mt 


in 
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the velocity at the start of entry is very near orbital. This condition 
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such that very large ranges could exist, considerably in excess of the 
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required to limit the pertormance, TIE the. system is bailistica and 
epending upon initial orbital alticuee and retro-velocity drag siadula: 





“u 
a 
ie 


by Various forms of aerodynamic decelerator 


ould Be empleoyaa br the 





ied Sasetie: O. , oe ; Hot! Saeas Bio dune wad fase Sate, ke 27st 
eee GF Bah antroy rabecia, ee TY Of ECR SRAM Co Use aay VGA 





rf pb we iy ame DB ae ea Tix tr 2: “~y Ge ee he, 
m2 Ofer €aae PAY Bt Lowe Vaieesg Gf thre 





$2 * 





NRO APPROVED FOR RELEASE 23 JUNE 2010 


NRO Approved For Release 






We eG 








lone 


we~tertn prediccable 





“a waned 


aden 


Aes gh liegt Spek ogy & feet ogpdgd 
dob aacibrion, & TULi or 


m so engineered for. 






BySt 


re solution most Lixely 








versatility is ‘permitted in. 
aileviate design problems suck me 
and orbitai/entry venicle will most 
relatively large booster systems. Eh. 
mode can be either pallistic or ligring 
pex formance aa AES 
may be associated with 
on the specific target coverage 
information, it may be advantag ne oe 


this mode could permit Jong-ters rn obs ervations and ie 


OX 


ted 


utious <based 





aesie 









































NRO APPROVED FOR RELEASE 23 JUNE 2010 








$ San ad o oS ah ee 5K: athe tgs eee 
AM fe Yaa. scle, CPi 





Ws ey ee & cay “ thy Say : 
LOO srer 2S Une sorane 


Ts Aus See hd gy bee eed 
et AELTOORLE LS ULC 





crajecteries $5 a6 


Sit daves.-ugt 








employed for thermal and stru: 
commensurate with the require: 
gad photographic equipment. 


currently under close | ‘inves 


the program objectives and de 


patible with reusability requireme ants? 
contept as currently being pursued do. 


consequently, auxiliary equipment sue! 





advantages and 





inex sages pet formance: could 


fp Sac tl ae Le 4, 


important to-emphasize, - however, 


ie) 
Q 
a 
£3 
@ 
Xt 
ct 
a 
* 
Pini 
= 
ft) 
pas 
x 
| a 
c 
re 


+ 
rors 













































NRO APPROVED FOR RELEASE 23 JUNE 2010 


NRO Approved For Release 





ia-dtigte tt Tt 
oe se ee 


2 


ea 























weer 


4 
ts EAT te 





ary 
oa he 





oh SS 


+ 


pet 
ath 


be te 





et 
he 
De 
is ; 
at "3 e 
io ae os 
is 
my qa 
Efiesy wy 
ed 
S 
a 








By 





Lang WAU EE CEA OER 


. 
G 


we 








wae 


ie 


ad 





Lore 


‘ 


we 
oy 








10a 


tachn 


Og 


in 


aL 


L 





au 


a 
LAY 


ms 


ere 


ys 


& 


et 


a 





He 


vr 


y 


y 
tad 


EO LS 





wy 
a 


ATL 


sh 


i have 


wil 


that 


the one 


cle and 


i 


. 
A 


veh 


ge 


‘ 
8 
a Oo 








i 


i 


ra 


t 


cen 


a 


o 




















NRO APPROVED FOR RELEASE 23 JUNE 2010 











March 6, 196 





i 





Bee Mtge 2s 
at 4 ae 
c 





ee deed 


Wey 


NRO Approved For Release 





Ot RRS Oc 
seen eT a 











ead FAS 








gies 


h¥Bes © 


ae AS 











ae 


ab ny Bes geste 
VF oy Poe ed 
vee Rake Be 














NRO APPROVED FOR RELEASE 23 JUNE 2010 







nt: 
eos 
Praia 








2 in eee fT 





% bea Bar d ee en fa Bao (eo POYoe ae yeu beve 
dwgeriines ° Piva, ot HOE Cheat to mo, at ald, ia 4 a 
adnned yeiicls itt x required ayan dueinald 
{th x Like! , 


ra a 3 


ba ees 


an nest 
Bp cate 





NRO Approved For Release 


NRO APPROVED FOR RELEASE 23 JUNE 2010 












Pt 
PER frie Al ee 


A 


















NRO Approved For Release 


NRO APPROVED FOR RELEASE 23 JUNE 2010 eet as aes tae 





















Eee eee 3 yoke, a i * pie . Melts 5 5 
€ Siar FE SSE ‘ ae BS aa . ike & ; AE aie: *5 ere BROAN Ose eta: 3 has 
, 4 , 
oP ER Sys yoy : : ; acess wy 2 Be bre Ey. ore : ee 
i ota dae Ginn ee e “es 3 ; ; a . <I ae eo Sc a aa : : ; ee 






NRO Approved For Release 








NRO APPROVED FOR RELEASE 23 JUNE 2010 

















NRO APPROVED FOR RELEASE 23 JUNE 2010 

































‘4 aes . ‘ 5 : . anaes ae ” fet bhai} 
oe ei . : > pees * i * : ° : 
feet sf ‘ em toe iad t 

























ie th ity tar ; 
Tee eae Sab BY 9 wt 
2 oo a Me SpE iS poe Wot i 








LS ‘ 


NRO APPROVED FOR RELEASE 23 JUNE 2010 





NRO Approved For Release 


NRO APPROVED FOR RELEASE 23 JUNE 2010 





































= Sei apy Sua matte fase ihatesl idole aly nt i ee ee tant : ihe ina 
i 7 f Poy 
mee ij be . 
. san é 
. art ae { On) 
4 et Cr be 
cada ot hopne gente 0 mma iA Maine on Ain Mette et fmmmlasa ar atetainaeentAntae tnt nua i APH Scheme aN mye Nee MAN ae ca 
eee er 5 ne ‘i Sree ie erg A 
Bip RA y tad Sw. : P eyes eT AST ite jo ey Le Riemer 








A pdms cnoe ypu oan 


oS ale ie NNER RIM fe RCE RRL RU mam te ate HEME FOR eas eRe it mal tN ON ANNAN NN ya em te ch ge 








rae ease 





$ t 





NRO APPROVED FOR RELEASE 23 JUNE 2010 






Lee Purguant’ to. o your verbal 
“fore ares 


in sortieatag to. est ish eyaten cupebilitias with roger’ 
to resolution, survival 4 range, reaction time, tac- a 
tical flexibility, and: targe overages: and = 









ogtam cost éstimates . 
ubsystem analysis, ‘and, 
uring experience. 
substantial amount 
is will ‘be-necessary 
hnical | feastbitety: oh 


b,.. to: establish re La 
‘based on- detailec de 
insofar us possi 
In order. to accor 
of testing , engi erin 
which wil "further Cor a 
the concept.. eee & 












2... The estimated: cost. of fe-Medonnell poeeton of the 
program is $5,350,000, In addition, we. are recommending camera 
environment. studies totalling $150, 000; giving a nine mont 
program total of $5,500,000... 


3. The basic study ‘areas at McDonell. are: 


a. System Effectiveness: This will include 
development of a mission’ ‘performance computer program: 
and analysis of | targeting, | reaction. time, basing recovery, 
and support operations, In addition, necessary contractor 
support to government studies on survivability and cost 
effectiveness. will be provided. 





b. Configuration. Definition: Using extensive wind 
tunnel testing, full flight. range performance of the 
aircraft and carrier aircraft will be established and 
design sensitivities assessed. In addition, extensive 
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ure y gradients, 
and boundary: Layer cts. et et forth in the 
attachment. Total cosh ober & poriod oF Q. months, ‘would be 
$150,000. Zz Pa, a : 


3s If, on tonclusl Gn of the dovdgbing! seocean, it. appears 
desirable to continue: work on. ‘this: project, we would propose a 
second phase. In particular, we. feel. that’ a ‘full scale fuselage 
section and window cavi y should be constructed. This will 
permit us to verify weight factors, harden cost data, and 
determine capability to achieve resolution requirements, We 

are in the process - ‘of. preparing this second phase program to 
last about nine months and cost about 5 million dollars. 
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ee less Ly J tle. 
HUNTINGTON D. SHELDON 
Director of Reconnaissance, CIA 
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5. Reviews and* Documentation 
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B. Gamera Studies 
1. Internal Turbulence 


2. Window Gradient Tests and 
Boundary Layer Effects 
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ISINGLASS RESEARCH & DEVELOPMENT PROGRAM 


MeDonnell Aircraft Corp. 





1. System Effectiveness $440,000 


The global operating concept, Logistics plan, 
support requirements, and mission effectiveness for 
the McDonneil Model 192 (ISINGLASS) will be developed. 
In addition, necessary contractor support to government 
survivability and cost effectiveness studies will be 
provided, 


a. Mission Effectiveness 


i. Operational Plan - the global operating 
concept will be developed and system déployment 
requirements such as basing, recovery, Logistic 
support, etc., will be defined. The influence of 
operational variables, such as response time, data 
processing, range, etc., on the operating plans 
will be determined. 


ss yee ae Analysis - Targeting and mission 
effectiveness analyses will be performed for the 
Model 192. 


iii. Targeting Computer Program -~ A mission 
performance computer program will be developed. 
This program will produce the "missionized” ground 
track of the Modei 192, Basic vehicle characteristics 
and mission variables, such as launch-recovery hase 
constraints, maneuverability, swath width, speed- 
altitude-range combinations and flight direction, 
trill be included. 


b. Survivability 


Support will be provided to U. S. Government 
vulnerability studies. These will include a first- 
order evaluation of gross characteristics and a 
technical evaluation in depth. 


c. System Evaluation 


Support will be provided to U. S. Government 
cost effectiveness studies. Necessary data inputs © 
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in the areas of operational “effectiveness and cost, 
manufacturing cost, refurbishment, attrition, etc., 
will be analyzed and prepared, Alternate boost - 
glide systems based on point designs will be inves- 
tigated. 


2. Configuration Definition $3,250,000 


Key parameters of the configuration will be iden- : 
tified and trade-off studies conducted to achieve best 
design and performance. The objective will be to define 
a configuration that assures high confidence, substan- 
tiated analytically and experimentally. Design aids, 
such as scaled models, will be utilized where appropriate. 


a. Performance e 





i. Performance characteristics will be 
established and will include operational effects 
such as tolerances on launch conditions, guidance, 
control, navigation accuracy, atmospheric variations, 
energy management techniques, engine performance, 
etc, 


ii. Developmental wind tunnel testing will be 
conducted to provide data for design optimization 
studies, Effects of varying configuration propor- 
tions and component size will be investigated through- 
out the flight envelope, The McDonnell Polysonic 
and Hypersonic Impulse Tunnels, and the Cornell 
Aeronautical Laboratory Hypersonic Shock Tunnel will 
be utilized, Developmental wind tunnel testing will 
utilize four wind tunnel models for support of the 
oe optimization and sensitivity study for 
verification of the performance characteristics. 

The results of these model tests will be used to 
finalize and validate key items making possible 
design convergence’ of the aircraft configuration, 







I. 2-% percent ‘wodel- will be tested thru 
the: Mach 0. wae 6.0 range. in the MAC. polysonic 
WL : rue pve ae soppste, Acotal 
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350 noure. 
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II. A 2 percent scale wodel will be tested 
from Mach 11 to 20 plus in the M.A.C. hypersonic 
impulse tunnel. Primary purpose is for performance 
development and verification. A total of two series 
are planned totaling approximately 150 hours. 


III, . A 2 percent scale model will be tested 
from Mach 10 to 20 ‘plus in the Cornell hypersonic 
wind tunnel, The primary purpose of these tests 
will be to obtain stability and control and aero- 
dynamic performance data. A total of two series 
are planned totaling approximately 200 hours. 


b, 
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ii, Landing configuration aerodynamic charac- 
teristics will be obtained in the McDonnell Low- 
speed wind tunnel. Configuration variables, such 
as base geometry, landing gear, canopy, speed brakes, 
and controls, will be evaluated, Primary resources 
to be empLoyed in this activity are wind tunnel models 
and simulators for pilot evaluation. The initial 
corporate-sponsored ac ivity using a.7-% .percer 
scale model of TSENGLASS: scuba ye conti 
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of the carrier/ISINGLASS performance and launch 
characteristics, 


ii. Launch techniques will be dev: : ped and 
substantiated. Various launch conditio. 3 (speed, 
altitude, load factor, fuel loading, etc.) will be 
investigated, 


e. Photographic Performance 


Technical suitability of all aspects of the 
Sensor installation will be substantiated. This 
will include analytical and test effort as well as 
supporting effort by appropriate consultants. 


i, Wind tunnel testing will be conducted to 
develop the window cavity concept and optimize the 
cavity design. Geometric details will be varied to 
optimize cavity and window environment. Testing will 
determine the effects of Mach number, Reynclds number, 
angle of attack, boundary layer transition, cavity 
length-to- -depth’ ratio, and forward and aft ramp shapes. 
Test facilities will include the Corne’ 1 Aeronautical 
Laboratory. 


A 10° percent scale madel of the ISINGLASS 
forward fuselage will be used for wind tunnel _ 
; development, Testing will be conducted from Mach 
} 10 to 20 plus. Temperature distributions and levels 
: will be. established and ‘configuration variations will 
4 be utilized to optimize the environment ‘and. design. 
In addition to the wind tunnel testing, thermal 
testing of components in the M.A. Cs laboratory will 
be condgcted. oe ; es 
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iii. Boundary layer effects on photographic 
acuity will be determined by wind tunnel tests 
utilizing an appropriate scale model. Test details 
and instrumentation requirements and design will 
be finalized by collaboration with a qualified sensor 
supplier, The Mach test range and similitude required 
indicates that several facilities may be employed 
including Cornell and AEDC. 


f£. Structural Elements 





i. Mechanical properties of the roll diffusion 
bonded type primary structure will be demonstrated 
by numerous specimen tests at room and elevated 
temperatures, Variables will include basic core 
shapes, various types of panel joints, attachments, a 
and repairs, and an appropriate variety of fabri- i. 
cation techniques. Many test specimens will be s 
utilized in this program. Small samples (dimensions 
of several inches) will be used for bending, shear, 
compression and tension strength capability tests. 
Larger panels (dimensions up to several feet) will : 
be used for substantiation of design strength ‘ 
allowables, : 


A 180 gallon tank constructed of roll bond 
titanium will also be used for structural tests. 
This tank has been constructed by M.A.C. as a part 
of the ISINGLASS corporate sponsored activity to is 
date. The tank dimensions are approximately 4 feet e 
by 3 feet by 3 feet. This tank is of double bubble 3 
configuration and includes a longitudinal shear 
web divider and end bulkheads. Access is provided 
for installing various cryogenic insulations, 
inspection, and for repair. In addition to eval- 
uation of structural capability, cryogenic system 
tests including evaluation of dynamic effects will 
be performed. The M.A.C. altitude chamber facil- 
ities will be used for part of these tests. 


ii. External shingle design, producibility, 
and performance will be substantiated. Testing in 
the design environment (elevated temperatures, etc.), 
will be performed. Shingle development will utilize 
both small specimens (about 6 inches square) and 
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full scale shingles (about 24 inches square). Many 
development specimens using T.D. nickel, Rene' 41, 
and titanium will be evaluated. Variables to be 
assessed will include: type of core, face plate 
bonding, attachment inserts, sealing, oxidation 
resistant coating, attachment, and high emissivity 
coatings. 


Approximately ten full scale shingles fabri- 
cated in accordance with the selected design and 
material will be tested to verify and demonstrate 
the design. Variation in design and testing will 
verify attachment designs, curved as well as flat 
shingles, strength characteristics, reusability, 
life capability and emissivity. Test facilities 
will include the M.A.C. thermal and altitude 
laboratories. 


Approximately ten full scale columbium 

leading edge specimens will be provided duplicating 
the radius and support method to be used. Testing 
under load at room and elevated temperatures will 
verify strength properties, installation technique 
and life characteristics. Reusability and operational 
lifetime test will include cyclic thermal loading. 
The M.A:C. plasma jet facility will be used during 
this test program, This program will also include 
several columbium panel specimens configured for 
nose transition and control surfaces to substantiate 
*their suitability in the structural and thermal 
design environment, 


An appropriate number of tests specimens for 
development and life demonstration of the main landing 
gear skid will be constructed. 


The nose cap will be developed utilizing previous 
ASSET laboratory and flight results. Element tests 
to demonstrate capability and acceptability to thermal 
shock and oxidation resistance will determine optimum 
choice of material and design. Two full scale nose 
caps will he utilized in the M.A.C. plasma jet 
facility to demonstrate design acceptability and 
reusability. 
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Re efurbishment 









The dactindtog 
primarily of compoi me : 
certain ‘key element £ ‘the Model 13S norcent fo. “gub- 
stantiate and demonstrate. a Abgh confidence: technology 
hase. 


a. St ructure 


A. full. scale: section, approximately 13 feet in. 
length, including: an 8: foot long section of the LOX. 
tank and the LOX/LH2 tank bulkhead. will be designed. 
Carrier pylon attach points for. concentrated Load: 
inputs will be included. The dimensions ‘at the aft 
end of the specimen will be. appr cimately 15 feet 
wide and 11 feet high and'will taper to dimensions 
of approximately 10 feet wide and 8 feet high at the 





forward end of the specimen, Subsequent manufacture 
and utilization of this full-scale article in a 

follow on program will provide demonstrated assurarice 
of all significant structural characteristics including 
fabricability. This assurance is provided for the 
design of each element as well as for the assembled 
aircraft. This will permit evaluation and verification 
of the strength properties of the basic structure, 
propellant storage, precise weights, weight factors, 
manufacturing techniques, and quality and costs of 
tooling, fabrication and assembly. This will also 
verify and demonstrate successful transition from 
element construction to full scale ISINGLASS hardware. 





b. Heat Protection 


i. Thermal design criteria will be further 
analyzed by conducting wind tunnel tests to establish 
quantitative heating rates and temperature levels. 
Primary resources provided here are two wind tunnel 
models, One is a 3 percent scale model to be uti- 
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lized in establishing the thermal suitability of the 
configuration, This includes the qualitative he 
patterns on the vehicle plus quantitative evaluation 
of the configuration including het spots or oth 
unique areas, ° second is a 5 pé Le: 
for the determ: 

throughout the 
environment , 





are planned, 


ii. The performance characteristics and ef 
ciency of the insulation, watet-wick, structur 
arrangement including the effect of heat ‘st 
be demonstrated by testing a sample compos 
panel. These tests will also confirm th 
of the wicking material and coolant distribution ni 
servicing system. 


Approximately six £ 1 
panels will be rage agi : 
sentative section of t raft severa et squa 
with the propellant on mer, basic structure, 
water wick, passive. insulation, and the oute 
shingle incorporated, Loading tests in compression 
shear, torsion, and bending will be applied. Therma! 
test to verify stability, shock capability, cycl 
life limits and mission spectrum loadings, for 1 
verification will be conducted. Attachment inte 
will be demonstrated using flight environments. 
thermal isolation characteristics will be verifi 
tests including repeated exposure to design envir 




















Water wickiiig development will include a large 
structural panel with the water distribution system 
incorporated to verify the performance of the water 
blanket system. Dynamic properties of the system 
(vibration and accelerated loads) will be establish 
These tests will include testing in the M.A.C. lab- 
oratory. Further demonstration of the performance 
of this system will be furnished by test results fror 
the full scale fuselage test section. 
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iii. Physical properties and thermal performance 
of internal insulation will be established by testing 
promising materials as insulators for the high temper- 
ature structure and cryogenic tanks. This work 
represents the selection and experimental evaluation 
of candidate materials for passive insulation appli- 
cation, Samples will be tested to establish thermal 
performance, compatibility, ease of handling, dura- 
bility,producibility and life characteristics, The 
best materials derived from the element tests will be 
utilized in the larger composite test articles. 


PEA 


c. Manufacturing 


Evaluation of promising structural fabrication : 
concepts will be continued to develop the best wanufac- : 
turing methods for the selected materials. This will i 
include fabrication of panels with various geometric 
configuration and attachment details. Welding and stress 
relieving methods will be evaluated, Non-destructive 
inspection and quality control techniques will be developed, 
These activities and data will establish a solid basis 
for optimizing manufacturing time and cost parameters. 


d, Cryogenics 


The performance of the cryogenic systems will be 
demonstrated, This will include testing to confirm 
hoil-off rates, stratification, transfer-rates, and 
ullage. Propellant dynamics will be. determined by 
appropriate scale model tests, Results will define those 
key characteristics necessary for best tankage design, 


While available analytical techniques are quite 
advanced and in some respects: well substantiated, a 
significant amount of experi 
planned to identify 1 

ud 
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A small scale tankage model. duplicating the internal 
geometry and volume distribution of ISINGLASS will be made 
to conduct verification tests of propellant volumes and 
attitude sensitivity plus quantitative testing for estab- 
lishing dynamic load effects with various propellant levels. 


4. Cost and Schedule Substantiation* 





A primary objective will be to develop a high 
confidence base for cost and schedule performance. These 
analyses will utilize the results of the element inves- 
tigations conducted in the previously delineated tasks 
and will use prior McDonnell experience in the design, 
development and production of advanced aircraft and 
spacecraft systems, ramjet and boost-glide vehicles. 
Particular attention will be applied to systems involving 
first generation concepts. 


a. Engineering Cost Factors 


Technical and cost data generated during this 
program will provide a base for evaluating engineering 
design and development cost. Trade-off studies will 
be used to optimize development solutions. 





b. Manufacturing Cost Factors 





Experierice derived from construction of repre- 
sentative panels and test sections will provide data 
for developing manufacturing cost factors and refining 
program estimates. Comparative cost criteria will be 
used to select the most effective manufacturing 
methods and best materials. 


c. System Cost 
Initial cost estimates. for the complete system 


will be progressively refined as the system design 
and operational requirements are defined. These 





*The cost of these items is included ir the costs 
quoted for the previous paragraphs. 
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estimates will be frequently revised to maintain an 5 
up-to-date program cost picture. a 


Estimates based on historical and statistical 
data will be cross checked with detailed staffing 
and material requirements developed during this 
program. 


d. Schedule Analysis 


A master program schedule for the flight vehicle 
and supporting systems will be refined and updated as 
results of this research and development program 
become available, to a level of detail and definition 
that gives high confidence of achieving the major 
program milestones. Subsidiary schedules will be 
maintained for major subsystems. Analysis of detail | 
schedules will encompass outside development and 
production of both CFE and Gl ; subsystems, Coordi- 
nation meetings will be ¢ ected by McDonnell as. 
is pas Manager and will provide necessary interchange 

ata pertinent to the detailed elements of the 
schedule so as to assure that all significant effects 
are included in the overall ~ planning. 





















5. Reviews and Documentation 





Progress and results of program effort will be. 
presented in concise form at frequent intervals as shown - 
in the schedule. Reviews: and documentetion wilh consist | 
of: 


a. Bi-monthly program reviews at. McDonnell. in ca 
which ‘all si nificant mi or Wlishment 
and program decisi 
These willbe supp 
of all program activ: zp 








b. A final eunineey cebark: containing all pee 
pecEeat accomplishments, meas 
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KEY TO PROGRAM SCHEDULE 


WEEKS FROM 
GO-AHEAD 
CONTRACT GO-AHEAD te 
Mission Effectiveness ws 
1. Operations Plan 21 
2. Targeting Analysis - Scenario I 24 
3, Targeting Analysis - Scenario II 28 
4, Targeting Computer Program 35 
Survivability 35 
Systems Evaluation 35 
Performance "eee 
1, Lift/Drag Ratio Established 33 
2. Flying Qualities Established 37 
3. Flight Envelope Established 33 
4, Operational Performance Established 9 
Design Sensitivity -- 
1. Weight Sensitivities 15 
2. Performance Sensitivities -- 
3. Sensor, Engine, and Equipment 
Install, Verified 26 
4, Vehicle Size and Shape Defined 35 
Landing Characteristics -- 
1. Visibility Techniques Defined 19 
2. Low Speed Lift/Drag Ratio Established 30 
3. Landing Techniques Established 39 
Carrier Aircraft -- 
1. Performance Summary 36 
2, Launch Techniques Defined 39 
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Photographic Performance 


Le 
2. 


3. 
4, 
5: 


Cooling System Analysis 

Boundary Layer and Shock Flow Field 
Characteristics Defined 

Cooling System Performance Verified 
Boundary Layer Effects Determined 
Window Cavity Configuration Defined 


Structural Elements 


1. Roll Bond Mechanical Properties: Verified 
2. Nose Cone Material Propérties Defined 
3, Alternate Structural Concept Analysis 
4. Shingle Characteristics Completed 
Refurbishment 
1. Initial Maintenance Requirements 
Defined 
2. Refurbishment Quantities Defined 
3. Material Replacement Schedule 
Established 
Structure 
1. Producibility Studies Complete 
2, Structural Section Engineering Complete 
Heat Protection 
1, Initial Water Wick Efficiency Test 
2. Initial Cryogenic Insulation 
Efficiency Test 
3. Water Wick/Structural Element Development 
Test 
4, External Heat Transfer Rates’ Defined 
5. External Temperature Levels Defined 
Manufacturing 
1. Roll Bond Development Completed 
2. Inspection Techniques Defined 
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36 


22 
24 
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B, Camera Studies 


1. Internal Turbulence $118,000 


Tests and analysis will be conducted to 
evaluate the effects of the internal turbulence 
generated by the heated window. In conjunction 
with the window tests below, this will allow 
reasonable balance in window design between 
degradation from window distortions and degradation 
from internal turbulence. 


2, Window Gradient Tests and Boundary 


Layer Effects $32,000 


These tests will evaluate the degrading effects 
of window gradient and means of reduction of this 
degradation, using wind tunnel data for evaluation 
of heat flux distribution. Current estimates are 
that the window will be the limiting factor on ground 
resolution. In conjunction with M.A.C., the effects 
of the boundary layer on optical performance will be 
evaluated, Current estimates of boundary layer 
effects, considered negligible, are based on extra- 
polations of existing data at relatively low speeds 
and altitudes. 


Tne above three efforts, at a total of $150,000 
can best be done by Perkin Elmer, who have done 


extensive preliminary work, and are leaders in this 
field. 
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